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PREFACE 


This book IS an outgrowth o£ a lecture course on pathogenic bacteriology 
and immunology which the author has given during the last twenty years to 
students of veterinary medicine. The work is less than a textbook of bacteri- 
ology in that a knowledge of the general principles of the subject is taken for 
granted and this part of the usual text is omitted It is somewhat more, on the 
other hand, in that the fungi, protozoa, and viruses that arc pathogenic for the 
domestic animals are included in addition to the bacteria. Also, somewhat 
greater consideration is given to the nature of the diseases produced by the 
various agents and to the biological products which are available for their 
diagnosis, prevention, and curt than is found in most texts of this type. 

Since students ol animal diseases are interested in micro-organisms more 
because of what thty do than for what they are, the work is not a systematic 
discussion of disease -producing organisms but rather a discussion of the infec- 
tious diseases of animals with special reference to their etiological factors 
With regard to the difficult matter of nomenclature of bacteria, Bergey’s 
Manual has been followed in general except in the case <if the Gram-negative 
enteric organisms for which the old name Bacterium is retained This is done 
because it is felt that the numerous divisions which have been made in this 
group on the basis of cultural features is highly artificial The newer methods 
of antigenic analysis do not support these divisions but rather suggest that 
we have a large group in which there arc minor gradations from the colon 
bacillus at one end to the dysentery organisms at the other without sharp 
divisions anywhere Until lines can be drawn more sharply it is felt that there 
IS no justification for the creation of numerous genera within this group 
In instances in which the animal pathogens are transmissible to man, this 
fact IS pointed out and brief discussions of the nature of the human diseases 
are given, together with what is known of the manner in which the transmis- 
sion to man occurs. It is felt that veterinarians should be informed on these 
matters both for their own protection and for the assistance which they often 
can give to physicians in such cases. 

The text will be used by the author in connection with his course in In- 
fectious Diseases of Animals. It'is hoped that it will prove suitable for such 



courses in other schools In addition it is hoped also that the compilation of 
brief accounts of the biological characteristics of the etiological agents of all 
of the more important infectious diseases of animals in a single volume will 
make it useful to veterinary practitioners, laboratory workers who are called 
upon to make diagnoses of these conditions, and research workers who 
utilize animals in their daily work. Because of the wide scope of the field cov- 
ered and the necessary limitations in a book designed for student use, the 
discussions are not exhaustive Diseases which arc known to occur in North 
America are treated more exhaustively than those which do not occur here 
Since experience shows, however, that diseases which arc thought to occur 
only in remote parts of the world often exist here in an unrecognized form, 
and that it is always possible that remote diseases may be imported, an effort 
has licen made to include brief descriptions of all of the more important of 
such diseases and their causative agents A few references are given at the end 
of each subject so those who wish to read more exhaustively may find the 
more important papers in the literature Since most students and practitioners 
do not have a working knowledge of foreign languages, the greater part of 
the references are to papers published in English By consulting the bibliogra- 
phies given in most of these papers one can obtain leads which will open the 
entire literature to him. 

The author is indebted to many friends for various kinds of assistance The 
illustrations, in particular, have been borrowed from many sources, acknowl- 
edgment being made in each case The author is especially grateful to Dr. 
William H. Feldman, of the Mayo Foundation for reading and making nu- 
merous criticisms of the copy, criticisms which undoubtedly have contributed 
to greater clarity and greater accuracy in the volume To all of those who have 
helped he wishes to extend his hearty thanks 

In the first edition of this kind many errors undoubtedly have been in- 
cluded. The author will appreciate having these called to his attention in order 
that they may be eliminated from future editions if the reception of the work 
warrants future revisions In many instances it is realized that subjects are 
still in the stage of controversy. An attempt has been made not to be too didac- 
tic in the treating of such matters, however in the interest of good pedagogical 
practice some sort of a stand usually is taken in such matters after indicating 
that uncertainty exists. 

W A Hagan 
New York State Veterinary College, 
June 1^42 Cornell University, Ithaca, N. Y. 
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PART I 


THE MECHANISMS OF INFECTION 
AND RESISTANCE 




CHAPTER I 


THE CAUSES OF DISEASE 


Disease may be defined as an alteration of the state of the body, or of some 
of Its organs, which interrupts or disturbs the proper performance of its 
functions Functional disturbance soon is manifested by physical signs which 
the patient detects by his sensations and which usually can be detected by 
others These signs are known as symptoms 

The cause of disease may be of external or of internal origin Little is known 
about the fundamental causes of the intrinsic diseases These include meta- 
bolic and endocrine disturbances, degeneration of organs from age, and neo- 
plasms It IS probable that many of these disorders are initiated by extrinsic 
causes as yet unrecognized The external causes of thsease may be living agents 
such as bacteria, protozoa or filterable viruses, or they may be nonliving agents 
such as traumatism, heal, cold, chemical poisons, or food deficiencies 

When living agents enter an animal body and set up a disturbance of func- 
tion in any part, tn/ection is said to have occurred The word infection is de- 
rived from the Latin tnfuere, meaning to put into An infectious disease, 
then, IS one caused by the presence in or on an animal body ol a foreign living 
organism, which, by its presence creates a disturbance leading to the develop- 
ment of symptoms 

Most infections are caused by living organisms which have escaped from 
another individual of the same species, but sometimes they come from an- 
other species, as, for example, when man contracts rabies from a dog bite, 
or when a lap dog contracts tuberculosis from his consumptive master. Some- 
times the infection is contracted indirectly, as when typhoid fever is con- 
tracted by a man from infected drinking water, or anthrax by a stable-fed 
horse in midwinter from hay which had been grown the previous summer on 
anthrax infected soil. Some infections originate from organisms which nor- 
mally live a fret existence in nature, as, tor example, the bacillus of tetanus. 
Presumably at some remote periods m evolutionary history, all of the disease 
producing organisms lived a free existence, becoming parasitic and pathogenic 
through gradual adaptation. 
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4 the mechanisms of infection and resistance 

THE PATES OF INFECTING ORGANISMS 

Several possible fates await organisms which cause infections. This is a mat- 
ter of considerable practical interest, because the transmission of the disease 
to other individuals depends upon the escape of the organisms from the in- 
fected one. 

(a) some are destroyed by the host tissues Infections are not accomplished 
without resistance on the part of the host because the host-parasite relation- 
ship IS not a natural one The capacity of the host to destroy invading agents 
IS so great that the great ma)ority of foreign living agents which manage to 
reach living tissues and fluids of the body are rapidly and completely de- 
stroyed. This process is going on at all times Sometimes the resistance is not 
great enough to prevent growth entirely and multiplication in the tissues but 
the infeciion does not become extensive and after a brief time is overcome, 
the invading organisms then being destroyed Sometimes the infection per- 
sists and makes slow headway against the resistance of the host, in which case 
the infection is called chronu. In a few infections such as anthrax in the 
herbivorous animals, the resistance of the host is so quickly overwhelmed that 
the organism multiplies in all parts and early death of the host ensues These 
cases are known .is acute or peracute. 

(b) some usually are eliminated in the sECRprioNs or excretions of the 
HOST Except in the peracute cases, svhen possibly no infecting organisms 
escape from the host, the infected animal usually eliminates, in a manner 
which varies with the disease, the organism which causes the disease The 
longer the disease lasts, i c , the more chronic it is, the more likely is the host 
to eliminate large numbers of the infecting agent Sometimes the infecting 
agent is eliminated through pus, as when an abscess bursts or is lanced, some- 
times through droplets which are coughed or snecaed out when the individual 
IS suffering from one of the respiratory infections, as canine distemper, bovine 
tuberculosis, avian coryza, or human diphtheria; sometimes in the intestinal 
discharges (feces), as in the various forms of intestinal coccidiosis of animals 
and in the enteric infections of man, sometimes m the urine, as in cholera of 
swine and in typhoid fever of man In some diseases that become extensive 
and even fatal, the causative organism may be eliminated in small numbers 
or not at all, as in some cases of tuberculosis The more chronic the disease 
becomes, the less hkcliluxid there is that the host will continue to retain all of 
the infecting organisms. In some diseases, the mechanism by ivhich the infec- 
tion escapes from one animal to another is peculiar, as, for example, rabies in 
which the seat of the infection is the central nervous system and the means 
of escape is through the salivary glands 
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(c) IF THE DISEASE PROVES FATAL TO THE HOST, MANY OF THE INFECTING ORGAN- 
ISMS ARE DESTROYED WITH THE CARCASS Death of the host from infection al- 
ways traps m the carcass a large number of the infecting organisms. If the 
carcass is disposed of properly by incineration or deep burial, these organisms 
perish Improper disposal of dead bodies of animals may result in serious 
outbreaks of disease. 

(d) in some instances the ORGANISM AND HOST REACH AN IMPASSE. The Or- 
ganism IS unable to cause serious damage to the host, and yet the host is 
unable to eliminate the organism This situation may continue to exist 
throughout the lifetime of the animal, or it may be terminated either by 
the final elimination of the infection, or by a change in which the infection 
becomes more active and symptoms of disease are manifested by the host In 
tuberculosis of both man and animals, the tubercle bacilli may become walled 
off by dense tissue in some of the organs and the case is said to be arrested. 
Such cases arc not entirely cured because living tubercle organisms may con- 
tinue to exist in the tissues and sometimes they break ftirth and cause a flare-up 
of the disease In the human, recovery from typhoid fever usually leaves the 
individual with many typhoid bacilli in his urine and stools and these may 
persist for weeks, months, and years Individuals who discharge virulent or- 
ganisms with their excretions although apparently normal otherwise, are said 
to be carriers The one Avho has had a recogni/cd case of the disease in ques- 
tion and who has not rid himself of the infecting agent afterwards is said to 
be a convalescent carrier Sometimes individuals eliminate virulent infection 
although they have no history ot ever having suffered from the disease them- 
selves. These individuals are immune themselves but arc a source of great 
danger to others who lack the same amount of resistance. They are known 
as immune camera Sometimes, apparently, individuals harbor and eliminate 
a dangerous organism which they have picked up from close contact with an- 
other individual These are known as contact carriers 

The carrier is one of the great problems in the control of many infectious 
diseases Animals that are obviously diseased may be recognized but there is 
no simple way of recognizing the earner 

SOURCES OF INFECTIONS 

The courses by which infections reach new hosts often are indirect and com- 
plicated Some of the more common ways by which infections are contracted 
by new hosts are as follows. 

1. DIRECT OR IMMEDIATE CONTACT WITH A DISEASED INDIVIDUAL This involvCS 
actual contact between a diseased and a normal surface, such as when a cow 
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licks the external genitals of another animal and thus picks up the organism 
of Bang’s disease or brucellosis, or when ringworm is contracted by an animal 
rubbing against the affected skin of another, or when venereal infections arc 
transferred through sexual contact. 

2. CONTACT THROUGH FOMiTES Fomttes are inanimate objects which may 
serve to carry infections from one animal to another, as a bran s.ick which 
may convey dried discharge of an aborting cow to another cow, perhaps in a 
different herd, or a railroad stock car, or a motor truck which has not been 
properly cleaned and disinfected after carrying diseased stock and may after- 
wards infect other stock. 

3 CONTACT WITH DISEASE CARRIERS This has already been explained. A dis- 
ease carrier may infect others cither directly or indirectly )ust as is done by a 
frankly diseased individual. 

4. INFECTION FROM SOIL Certain spore-bearing organisms which live m soil 
are able to produce disease in man and animals if chance carries them into 
the tissues of animals, usually through wounds in the skin Blackleg of cattle, 
and tetanus and gas gangrene infections are of this type 

5. INFECTIONS FROM FOOD AND WATER Scrious infections derived from food 
and water are more common in man than in animals, since animals do not 
suffer from the typhoid and dysentery organisms which are the principal 
menaces to man Water often is suspected of spreathng animal diseases from 
one pasture to another when small streams flow between them, and occasion- 
ally the suspicion has been confirmed Anthrax often is conveyed to animals 
through hay and straw raised on lowlands which arc infected with anthrax 
spores. There have been a considerable number of rejiorts of deaths of horses 
from eating ensilage which appears to be innocuous to cattle, and the organ- 
ism of botulism has been incriminated in some of these cases. 

6 AIR-BORNE INFECTIONS. Discasc Organisms do not spread very far through 
the air as was formerly believed When individuals are rather close together 
and especially when indoors, droplets of moisture sneezed and coughed from 
the upper air passages often convey the organisms of respiratory disease from 
diseased to well individuals. The common cold of man, influenza infections 
of man and animals, pneumonia, and glanders are good examples of diseases 
transmitted in this way. Tuberculosis of the lungs is usually transmitted in 
this fashion. Dust particles less often convey viable disease-producing organ- 
isms, but there arc some examples such as the anthrax spore (in wool sorters 
disease). 
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7. INFECTIONS FROM BLOOD-SUCKING ARTHROPODS SoHlC dlSCRSCS of mail and 

animals are normally transmitted through the bites of flies, fleas, mosquitoes, 
lice, or ticks Malaria and yellow fever are good examples of such diseases of 
man, and Texas fever, anaplasmosis, anthrax, and the trypanosome diseases 
are examples in animals. In some instances, the infecting organism must pass 
a part of its life cycle in the invertebrate host, as, for example, the malaria and 
yellow fever parasites in the mosquito, in which case the arthropod is known 
as a biological vector In other instances, such as anthrax, the black horse-fly 
merely carries the bacillus mechanically, not being affected by it in any way. 
In these cases, the arthropotl tamer is known as a mechanical vector. 

8 INFECIIONS FROM ORGANISMS NORMALLY CARRIED. PathogCniC StrCptOCOCCl, 
pneumococci, pasleurella and some other organisms can often be found on the 
mucous membranes of the head of app.arcntly normal individuals. It is be- 
lieved that infections sometimes occur from such organisms when the normal 
defensive forces of the body are weakened in any way. 

INFECTION AND CONTAGION 

A contagious disease is one which may be transmitted from one individual 
to another liy direct or indirect contact AH contagious diseases are also infec- 
tious, but It docs not follow that all infectious diseases aie contagious Tetanus, 
or gas g.ingrene infection, caused by organisms which live in the soil, are in- 
fectious but not contagious, since they are not transmitted from one animal 
to another The contagiousness of infectious diseases depends upon the way 
the parasites are eliminated from the body of the diseased animal and the op- 
portunity they have of reaching others Some infectious diseases are highly 
contagious, some are slightly contagious, and a few are not contagious at all. 


Properties of Pathogenic Organisms 

VIRULENCE 

Virulence is an attribute of all pathogenic or disease-producing organisms. 
The word has reference to its disease-producing power or malignancy. A 
highly virulent organism has great malignancy, a slightly virulent has little, 
and a nonvirulent has none. The property of virulence varies greatly, both 
between different species of parasitic forms and between different strains of 
the same species. In some parts of the world, smallpox is a highly malignant 
disease, in others it is very mild. In some years, influenzal infections arc mild; 
in others, severe. In the laboratory, one may sometimes cause the death of a 
white mouse by inoculating it with as little as 0001 cc. of a strain of strepto- 
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COCCUS, whereas another strain of the same species of streptococcus may not 
kill a mouse when o.i cc is inoculated. The one strain in this case can be said 
to be at least loo times as virulent as the other. 

ALTERATION OF VIRULENCE 

The pathogenic power, or virulence, of many disease-producing organisms 
can readily be altered in the laboratory, others resist such alteration It has 
been suggested that possibly the ability to change virulence readily is evidence 
that the organism has only recently acquired the property, and thus it is not 
a firmly fixed characteristic 

When the virulence of an organism is diminished, the process is known as 
attenuation Attenuated organisms often are used as vaccines Attenuation of 
virulence is readily accomplished in most instances, in fact, the mere proced- 
ure of artificial cultivation is enough to attenuate, in greater or less degree, 
most organisms When it is desired to reduce the disease-producing power 
of organisms, particularly of bacteria, many methods are available Some of 
the more common methods are as follows- 

(1) Cultivating the organism at an unfavorable temperature Pasteur found 
that anthrax bacilli quickly lost virulence when they weie incubated at 
42-43° C, a temperature about 5° above thtir optimum 

(2) Heating of cultures or infective material for a short time to a point a 
little below the thermal death point of the organism 

(3) Cultivating the organism on a medium rendered unfavorable by the pres- 
ence of small amounts of acids, alkalies, metallic salts, dyes, or other sub- 
stances On such media many organisms can be accustomed to grow well, 
if the concentration of the attenuating agent is gradually increased from 
day to day. 

(4) Injecting the organism into a species of animal which is quite resistant 
naturally, or whose resistance has been increased by partial immuniza- 
tion, and recovering it after a sojourn there 

(5) Injecting the organism repeatedly into one species of animal, in which 
case Its virulence for other animals may be decreased while it is increased 
for the species through which it is being passed. This jihenomenon is 
often seen when working with viruses, seldom when dealing with bac- 
teria. 

When It IS wished to increase the virulence of an organism, all methods 
often fail, particularly if the organism has become highly attenuated. The 
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procedure usually followed is to inoculate heavily an animal known to be 
highly susceptible with the hope of overwhelming it with the infection. If this 
succeeds, another animal is immediately inoculated from the first, and so on. 
The virulence of some disease-producing agents may be enormously increased 
in this way 

MICROBIC DISSOCIATION AND CHANGE OF VIRULENCE 
Certain growth phenomena which may be observed both macroscopically 
and microscopically arc associated with change in virulence in many bacterial 
cultures. These were first described by Arkwright (i), m England, in 1920 
and by DeKruif (3), in the United States, in 1921 Many of these phenomena 
had been seen e.irlier but their significance had not been fully appreciated. 
The changes of the type of which vve spc.ik may easily be observed on ordinary 
culture media, especially of the solid type When cells of a single bacterial cul- 
ture are streaked on the surface of a solid medium, the colonics which develop 
often arc not alike but may be differentiated into several types The extremes 
of these are the so-eallcd S-type (Smooth type) and the R-type (Rough tvpe). 
Between these two there may be several intergrading forms These types may 
be seen even when the culture is the progeny of a single bacterial cell, thus it is 
not a matter of a cultural mixture of lyiies, except in so far as the progeny of 
single cells may vary from each other In most cases certain other characters 
are associated with each of the colony tyjics The more important of these 
characters are as follows 

S-TSPE COLONIES Thcsc are recognized by a smooth glistening surface and 
with rather regular margins The consistency of such colonies usually is soft 
and buttery When grown in broth, these organisms usually produce uni- 
form clouding of the medium, and, when suspended in physiological salt 
solution, uniform and stable suspensions are formed When the organism 1$ 
flagellated, these strains are rapidly motile When agglutinated with specific 
antisera, large ilocculi arc produced If the organism is pathogenic, this form 
usually IS highly virulent Such organisms frequently produce capsules and 
are relatively resistant to phagocytosis Organisms of the smooth type usually 
are good antigens, 1 e , they are excellent immuntzing agents. 

Ji-TYPE COLONIES Thcsc coloHics differ from the preceding in that the colo- 
nies have a rough or uneven contour, or it least show a granular structure 
under magnification and proper illumination that is not seen in the S-types. 
The consistency of such colonies is friable or granular. When grown in a 
fluid medium, the growth usually is in the form of a pellicle and sediment, 
and when attempts are made to suspend such cells in salt solution, the attempt 
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usually fails because of the cells forming into flakes and clumps which settle 
out. Cells from R-type colonies usually are nonmotile even though the parent 
culture IS flagellated If the parent culture was pathogenic, the R-type vari- 
ant usually IS not. Capsules are not produced and such cells usually are easily 
phagocytosed Such strains usually are poor antigens, i. e, they immunize 
poorly. 

INTERMEDIATE TYPES, The intermediate types usually have some of the char- 
acteristics of both R- and S-types. In some cultures, several intermediate types 
may be recognized, in others they are not seen 
Dissociation of most bacterial cultures into S- and R-forms occurs naturally 
when they are growing in culture media, and in many cases also when grow- 
ing in tissues. Various ways have been found by which it is possible to force 
dissociation to occur in culture media when it docs not occur readily other- 
wise. Many smooth strains, for example, can be made to develop the rough 
form by cultivating them m culture media to which immune serum has been 
added. 

Spontaneous dissociation from the S- to the R-form occurs readily in most 
cultures, sometimes to the extent that the S-form disappears entirely The R- 
to S-form of dissociation, however, is not often seen spontaneously and is not 
easily forced 

The significance of dissociation with relation to virulence is clear. It affords 
a possible clue to the reason why pathogenic bacteria in artificial culture tend 
to become less virulent, why such organisms in chronic infcciicms often are 
attenuated tn virulence, why vaccines sometimes arc efficacious and sometimes 
not, why some strains of organisms make saiistactory antigens for agglutina- 
tion tests and others do not If virulence is to be retained, if vaccines are to be 
effective, and if cultures are to make good agglutination antigens, means of 
keeping the strains in the S-form must be found. In many cases, this is not 
difficult, It being necessary only to make frequent plate cultures and to select 
S-type colonies for propagating the strain Inoculation of susceptible animals 
IS another way to eliminate rough and intermediate variants from a culture 
If the culture has not lost all virulence, the animal will act selectively, destroy- 
ing the nonvirulent types and yielding finally only the smooth type 

EVOLUTION OF PATHOGENICITY 

Many diseases apparently arc not so destructive today as they once were. 
The reasons for this obviously are not simple, and probably they have to do 
with changes in both host and parasite. Mass immunization or “herd im- 
munity” which gradually raises the resistance of populations probably is a 
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factor. It will be discussed later. Better nutrition and better hygienic condi- 
tions of many kinds probably have played a part Genetic factors evidently 
are at work because destructive disease tends to eliminate the more susceptible 
and leave the resistant strains Years ago, Theobald Smith (7) suggested that 
It should be expected that infectious diseases would evolve into more chronic, 
less virulent forms in the course of time, even if the host resistance in the 
meantime did not change. The rc.'isnning behind this conclusion was that in 
acute disea.se the parasite quickly destroyed its host and thus quickly termi- 
nated Its own chances of escaping to new hosts, where.is in chronic disease 
the opportunity for escape was much better because of the prolonged course 
of the disease Under such conditions. Smith concluded that the chronic form 
had a much better chance of propagating itself and would, in time, become 
the predominating form. 

THE MECHANISM OF DISEASE PRODUCTION BY PATHOGENIC ORGANISMS 

The possession of the property of virulence distinguishes pathogenic or- 
ganisms from the nonpathogenic In the final analysis virulence depends upon 
two properties of the organism • 

1. The ability to propagate in the tissues or on the surfaces of the body. 

2. The ability to form chemical substances which injure or destroy body cells, 

organs, or tissues. 

ABILITY TO PROPAGATE IN TISSUES 

The ability to grow in an animal body is something that an organism ac- 
quires in Its evolution toward a parasitic existence Wc know very little about 
what actually goes on in this process Obviously the organism has to “learn” 
how to protect itself against forces in the body which are antagonistic to it. 
Virulent organisms usually, but not invariably, are of the S-type, which means 
that they are more or less resistant to phagocytosis and often possess capsular 
substance which serves to protect them from harmful influences in the tissue 
fluids. 

The ability to invade and multiply m hving tissues vanes a great deal among 
disease-producing organisms Some organisms which are malignant disease 
producers have little invasive ability and do most of their damage while grow- 
ing m restricted parts of the body in which they generate powerful poisons, 
or toxins, which are absorbed and circulated throughout the body. The tetanus 
organism, for example, usually remains localized in a wound which may be 
very insignificant in size but in this wound the powerful tetanus toxin is gen- 
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crated which, earned by the blood and lymph, reaches the nervous system 
where the damage is done The organism of human diphtheria rarely is found 
in the internal organs but usually is restricted to the membranes of the throat 
where the diphtheria toxin is generated These organisms produce systemic 
diseases only because of the absorption of their toxins 
The organisms which lack soluble toxins must have considerable powers 
of invasiveness if they are to produce systemic disease, or disease of any of the 
vital organs Such organisms produce their principal damage at the points 
where they are multiplying Sometimes these organisms localize near the 
point where they entered the body and do not extend far from this site These 
are known as local injections Most wound infections are of this type. Others 
characteristically invade lymph and blood vessels whence they are carried 
to many other parts of the body, a process known as metastasis, where second- 
ary localizations occur These are the systemic or general infections 
In speaking of invasiveness we should not develop the idea that organisms 
actively drive or bore their way into tissues Many actively invading organ- 
isms are nonmotilc In most instances, bacteria probably enter the tissues in 
the same way that inanimate particles do. Organisms on mucous membranes 
are often picked up by wandering phagocytic cells which find their way back 
into the tissues carrying their bacterial load with them These cells often de- 
stroy their bacterial meal, in which case nothing happens, but in other cases the 
bacterial load survives, destroys the cells which harbor them, and then pro- 
ceeds to initiate an infection of the tissues where they find themselves. Other 
organisms colonize on surfaces and reach the subepithelial tissues by direct 
extension of growth through glands and hair follicles If the organism pos- 
sesses the property of virulence, it will go on from this point to produce an 
infection, if it does not, it will be picked up by the fixed or wandering phago- 
cytic cells of the tissue, and destroyed 
As a general rule, bacteria do not multiply in the circulating fluids of the 
body. When many bacteria are found in the blood, a condition which we call 
bacteremia, it means that there are foci m the tissues from which the organ- 
isms arc being poured forth in such large numbers that the blood clearing 
mechanism is temporarily overwhelmed. 

At one time, it was seriously believed that micro-organisms might produce 
disease in a purely mechanical way, that is, by blocking capillaries or tissue 
spaces This idea is untenable because it is known that the body has mecha- 
nisms for dealing with rather large amounts of foreign solids, more than the 
total bulk of bacteria present even in overwhelming infections The damage 
caused by infecting organisms clearly is because of their chemical effects. 
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ABILITY TO FORM POISONS OR TOXINS 

Endotoxins. As to chemical poisons, it is clear that substances mildly poison- 
ous to animal tissues arc contained in most bacteria Extracts of many purely 
saprophytic organisms often are distinctly poisonous when injected into ani- 
mals These substances probably are a part of the bacterial cytoplasm itself, 
or perhaps arc derived from the breaking down of the bacterial protoplasm 
They are known under the general name of endotoxins 
Vaughan (9) observed that all proteins, bacterial or of other origin, could 
be split by caustic potash in absolute alcohol into fractions, one of which al- 
ways IS poisonous, and that this poison had practically the same pharmacologi- 
cal action no matter what its source He believed, therefore, that endotoxins 
arc not metabolic products which are retained in the cell, but are protein split- 
products derived from the breaking down of the cells after their death 
The difference between a pathogenic and a nonpathogenic organism, if 
pathogenicity depends upon the mildly poisonous endotoxins, must be that 
the one has the ability to penetrate into the body in the face of the resistance 
offered by the body’s protective mechanism, to multiply and colonize m vari- 
ous tissues and organs, and there to release its poisons, while the other lacks 
this ability. Since most pathogenic bacteria do not form any recognizable poi- 
sons, other than endotoxins, it follows th.it they must have the property of 
invasiveness. 

Exotoxins (True toxins). Certain plants and animals and a few bacteria se- 
crete or excrete substances which are highly poisonous to animals These sub- 
stances have a number of properties in common, yet each toxin is highly dis- 
tinctive or specific The cardinal characteristic of all of these jioisons is that 
they are anttgemc, that is, that they will stimulate in animals antibodies which 
will neutralize them in vivo or in vitro The endotoxic substances of bacteria 
do not have this property, they are not true toxins 
Toxins are divided into three groups according to the type of organism 
which produces them; 

(a) The phytotoxins, such as rictn of the castor bean pl.int, and the amanita 
toxin of the poisonous fungi of that name (toadstools). 

(b) The zootoxins, such as the venoms of certain snakes, spiders and bees. 

(c) The bacterial toxins, such as those of the organisms causing diphtheria, 
tetanus and botulism. 

Toxins usually exhibit specific affinities for certain cells or tissues; thus we 
have neurotoxins, such as those of tetanus and botulism, hemolyUc toxins. 
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such as those of many streptococci and the organism of tetanus, and leuco- 
toxins, or leucoctdtns such as those of the pyogenic staphylococci. The first 
type combines with and injures or destroys nerve cells, the second destroys 
erythrocytes or red blood cells, and the third destroys leucocytes When toxins 
are injected into the blood of susceptible animals, they quickly disappear from 
It; furthermore, in diseases in which toxins play a predominating role, seldom 
can more than traces be found in the cu-culating blood. The reason for this is 
that they are quickly absorbed by the cells or tissues for which they have af- 
finities. This can easily be demonstrated in vitro, suspensions of nerve cells 
will combine with and inactivate the neurotoxins, and erythrocytes will do 
likewise with the hemolytic toxins. Suspensions of other types of cells will 
not do this. It IS interesting to note also that tetanus toxin will circulate for 
days in the blood of some cold-blooded animals, and diphtheria toxin disap- 
pears very slowly from the blood of rats These animals are not susceptible 
to these toxins and their tissues have no affinity for them. 

Physical Praperties of Toxins 

t MOST TOXINS ARE COMPARATIVELY THERMOLABILE. Hcating tO 58“ tO 6o° C. 

for ten minutes will inactivate most toxins. A few are more resistant. 

2. ALL TOXINS DETERIORATE WITH AGE. Somc losc their potcncy so rapidly that 
they arc difficult to work with; others deteriorate rather slowly. The speed of 
deterioration depends upon the conditions under which they arc kept. They 
usually keep best when stored in darkness and at a low temperature If care- 
fully dried and stored in a dry atmosphere, many toxins can be kept with little 
change for long periods. 

When toxins deteriorate, it is the poisonous portion which disappears first. 
Antigenicity is retained long after all traces of toxicity have been lost Toxins 
which have lost their poisonous properties but have retained antigenicity are 
known as toxoids. 

3. TOXINS ARE COMPOSED OF RELATIVELY LARGE MOLECULES. They Will dlffuSC 

through parchment but not through the thicker collodion membranes. Their 
molecular size evidently is less than that of albumens and globulins but larger 
than that of the amino acids. 

Filtration studies always leave open the question of whether the size meas- 
ured IS that of the toxins, or of other substances to which a toxic radicle is 
adsorbed. 

4. MOST TOXINS REQUIRE A “PERIOD OF INCUBATION” BEFORE SHOWING THEIR POI- 
SONOUS EFFECTS. Many of the bacterial toxins, and somc of the others, do not 
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cause symptoms immediately after in]ection Even when enormous doses are 
given to experimental animals, there usually is a delay of several hours before 
symptoms appear This is quite different, of course, from the action of other 
poisons such as prussic acid and strychnine in which the symptoms of intoxi- 
cation are immediate Most poisons have small molecules and are readily dif- 
fusible; the toxins have large molecules and do not readily diffuse through 
membranes. Since poisoning docs not occur until the poison has diffused into 
the susceptible cells, the lag shown by toxins can be explained on this basis It 
IS possible, too, that toxins have to be activated in some way before they 
become poisonous. 

Chemical Properties of Toxins 

T. ALL TOXINS ARF ANiK.ENic POISONS It already has been stated that this is 
the prime, or cardinal, characteristic which separates these poisons from all 
Others The antibodies stimulated by the presence of toxin in the tissues of 
animals always are highly specific, 1 e , they will neutralize only the type of 
toxin which caused their production 

2. TOXINS CAN BF PRECIPITATED FROM SOltlTlON BV CONCENTRATED ALCOHOL, 

METALLIC SALTS, AND AMMONIUM suLPHAiF. In these respects, their reactions 
are like those of proteins. After the highest degree of purification yet attained, 
toxins give one or more of the tests for protein. Whether this means that the 
toxin IS protein, or is adsorbed to proteins, cannot be answered with finality. 

3. TOXINS CAN BE CONCENTRATED AND PURIFIED BY ADSORPTION ON ALUMINUM 
HYDROXIDE GELS AND ELUTION FROM THEM. In this rcspcci ihcy resemble en- 
zymes 

4. MOST TOXINS ARE READILY DESTROYED BY PROTEOLYTIC ENZYMES PcptlC Or 

tryptic digestion quickly destroys the majority of toxins. The toxin of Clos- 
tridium botulinum, which causes botulism because of its absorption through 
the digestive tract, 1$ quite resistant 

5. TOXINS CAN BE CHANGED TO TOXOIDS BY CHEMICAL TREATMENT It already 
has been stated that toxins tend to deteriorate naturally into nonpoisonous 
substances called toxoids The importance of toxoids lies in the fact that they 
retain the immunizing properties of toxins while losing their poisonous prop- 
erties. Toxins can quickly be converted into toxoids by treatment with cer- 
tain chemicals, notably formaldehyde. Formaldehyde treated toxins are used 
for immunization against human diphtheria, and against tetanus. Ramon (5), 
who developed the method, calls these produas anatoxins, and they are so 



l6 THE MECHANISMS OF INFECTION AND KESISTANCE 

designated in the French literature. The term is used in English but the word 
toxoid IS more common. 

SOLUBLE PRODUCTS, OTHER THAN TOXINS PRODUCED BY PATHOGENIC BACTERIA 
Many years ago (1900-05), Bail (2), and his co-workers in Germany, 
showed that sterile filtrates of the exudate which collects under the skin of 
animals after the injection of any of a number of pathogenic organisms, had 
remarkable properties The phenomena are highly specific for the organism 
used for injection Several of the more important of these observations are as 
follows 

I When the filtrate alone is injected into normal animals, no reactions are 
observed at the time, but later it can be shown that the animals have be- 
come immune to the organism 

2. When the filtrate is injected with sublethal doses of the organism, the com- 
bination becomes lethal. 

3 When the filtrate is injected with a dose of the bacterial culture which 
would have caused a chronic disease, the disease produced is acute. 

4 When the filtrate is injected with a strain of the organism which has been 
attenuated so it no longer will produce infection when injected alone, the 
mixture will cause infection 

The agent in the exudate which apparently increases the virulence of the 
specific organism was called aggresstn Others called it virulin. 

More recently, it has been shown that aggressive substances are present in 
cultures of some organisms growing on artificial media Felton and Bailey 
(1926), for example, showed that the sjiecific polysaccharide, extracted from 
a virulent Type II pneumococcus, which is harmless in itself, would, when 
injected with an attenuated pneumococcus culture of the same type, render 
the strain highly pathogenic. Whereas the organism was quickly engulfed 
by phagocytes and destroyed by them when injected alone, it was not de- 
stroyed when mixed with the filtrate. 

Instead of acting as a stimulant to the organism, it is evident, therefore, 
that the effect of the aggressive substance in such filtrates is to interfere with 
one of the defensive mechanisms of the body In some instances, as in the 
case of the polysaccharide from the capsule of the pneumococcus, the aggres- 
sive substance is relatively heat stable. In other instances, they are quite heat 
labile. 

It IS apparent, then, that the word aggressin does not refer to a single sub- 
stance secreted by bacteria, as Bail supposed, but to a property which is dc- 
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pendent upon the release from bacteria, in or out of the body, of substances 
such as capsular material, bacterial protein, secretions, excretions, enzymes 
and toxins which have a deleterious effect upon the tissues of the host, which 
interfere with the host's defensive mechanism, and thus permit multiplication 
of the organism m the tissues. 

THE SHWARTZMAN PHENOMENON 

By using a technic introduced by Shwartzman (6) (1928) it is possible 
to demonstrate the presence of toxic material of sfime sort in filtrates of many 
bacterial cultures which cannot be demonstrated by direct methods The pro- 
cedure IS to inject a small dose of the filtrate into the skin of a rabbit and to 
follow It, in from 12 to 24 hours, with a larger dose of the same material intra- 
venously. In a large proportion of animals, the second injection is followed 
by the formation of a hemorrhagic lesion at the site of the local injection 
within an hour or two after the intravenous injection Usually necrosis of the 
area occurs and an ulcer is formed. 

The nature of this reaction is not known, but evidently it depends upon 
the presence of toxic material in the filtrate The reaction cannot be elicited 
with filtrates of all organisms, nor can it be induced with proteins or other 
substances of nonbactenal origin Furthermore, the reaction is not wholly 
specific, since it may occur when die first injection has been made with a fil- 
trate of one organism, and the second with that of another organism. 
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CHAPTER II 


THE PROTECTIVE MECHANISMS 
OF THE BODY 


Aiumals are constantly in contact with many pathogenic organisms. Nor- 
mal animals have rather effective mechanisms for protecting themselves 
against these organisms The study of these mechanisms, in particular those 
of the tissues which we term the internal defenses, constitute what has long 
been known as immunity or immunology. The word is rather unfortunate 
because immunity literally implies complete protection, whereas the subject 
IS concerned with mechanisms which provide degrees of protection varying 
from the slightest to those which arc complete The phrase, resistance to dis- 
ease, IS preferable to immunity from disease On the other hand, the immu- 
nologist IS interested in many phenomena which, so far as is known, have 
nothing to do with protection from disease These will be discussed later 
The protective mechanisms of the body can conveniently be divided into 
two types: 

1. Those that serve to hinder or prevent the passage of disease-producing 
agents into the tissues {Primary defenses), and 

2. Those that deal with such agents that have managed to enter the tissues in 
spite of the primary defense mechanism {Secondary or parenteral defenses). 

THE nUMAKY DEFENSES 

Before the tissues of the body can be reached, one of the epithelial cover- 
ings— the skin or a mucous membrane— must be penetrated. These integu- 
ments, the skin especially, serve as rather effective physical barriers, yet the 
matter evidently is more complicated than this. When cultures of many path- 
ogenic organisms are swabbed on the skin of man, and the same facts prob- 
ably will hold for the skins of animals, they die off very rapidly, much more 
rapidly than on the skin of cadavers and on other surfaces. The sweat contains 
chemical substances of unknown constitution which cause their destruction. 
Certain cocci, which are characteristically found on skin, are resistant to these 
substances. 

The mucous membranes undoubtedly are protected by the mucus which 

|8 
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is constantly secreted This material traps small particles of all sorts, including 
bacteria In the digestive tract this material gathers into masses which arc 
then carried through the canal with its contents In the respiratory tract most 
of It either is coughed up, or swept up into the pharynx by the action of the 
ciliated epithelium, whence it is swallowed Particles in the conjunctiva of 
the eye are carried through the tear ducts into the pharynx and swallowed. In 
the urinary tract foreign bodies usually arc swept out with the urine. In the 
vagina there is no regular movement but the secretions appear to be unfavor- 
able for the growth of most bacteria, and normally there are few bacteria 
there. 

In the conjunctival secretion (the tears), and to a lesser extent in the secre- 
tions of other mucous membranes, and even in skin secretions Fleming (7) 
demonstrated a heat-stable substance which actively dissolves many sapro- 
phytic and some pathogenic organisms He gave to it the name lysozyme. 
This probably is an important protective agent. 

When organisms are swallowed, they immediately come in contact with 
the highly acid gastric juice When much food is present, many of the in- 
gested bacteria pass the stomach unharmed, but when it is relatively empty 
and thus there is little protection for them, most saprophytic and many patho- 
genic organisms arc destroyed. The stomach thus stands guard at the begin- 
ning of the digestive canal to keep down the number of viable organisms 
entering it. In the beginning of the intestine, there likewise are few viable bac- 
teria. It IS only toward the end of the small intestine, and in the cecum and 
colon, that the intestinal flora becomes rich. It has long been known that gun- 
shot and other penetrations of the anterior or upper portions of the bowel 
were not nearly so likely to lead to fatal pcntomtis as when the wounds in- 
volved the lower portions. 

THE SECONDARY OR PARENTERAL DEFENSES 

It already has been pointed out that some pathogenic organisms possess 
slight powers of invasiveness yet are capable of causing serious damage be- 
cause of their potent toxins, whereas others must invade the interior of the 
body if they are to do damage. In the first case, the principal task of the de- 
fense mechanism is to inactivate or destroy the toxin, since its entrance cannot 
be prevented; m the second instance the task is to hinder the multiplication 
and spread of the invading organisms and eventually to destroy them. The 
mechanism of defense is somewhat different in these two problems. 

Antitoxic Immunity. Von Behring and Kitasato (12) (1890) were the first 
to show that the serum of animals which had received repeated sublethal doses 
of bacterial toxins developed the power of specifically neutralizing or inacti- 
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vating the toxins, in vitro as well as in vwo They worked with the toxins of 
the diphtheria and tetanus organisms Ehrlich (4) later showed that antitoxic 
scrums could be produced by injecting certain phytotoxins, ricin and abrin. 
Calmette (2) extended our knowledge bv showing that antitoxins could be 
produced for zootoxins (Antivcnomous serum for cobra venom). 

Antitoxins can be produced only by stimulating animals with nonlethal 
doses of toxin, and the antitoxin produced is effective only for the toxin which 
stimulated its production For the production of therapeutic serums, animals, 
usually horses, arc given repeated doses of toxin As antitoxin begins to de- 
velop in them, larger and larger doses of the toxin may be given. Finally, 
when the animal has tolerated enormous doses, it is bled, the serum is sepa- 
rated from the clot, and the globulin fraction of the serum is precipitated 
chemically A solution of these globulins constitutes the antitoxin of com- 
merce. 

An animal which has suffered and recovered from a frank, or a mild un- 
recognized, infection by a toxin-producing organism has antitoxin in his 
blood for a long time thereafter. In practically all instances, however, the 
amount of antitoxin falls rapidly to a very low level after recovery. This 
amount usually is great enough immediately to neutralize the toxin formed 
if the individual should be infected with the same organism again The toxin 
of the new infection is thus prevented from reaching and damaging the tissues 
which arc susceptible to it If a large dose of toxin is injected, experimentally, 
after the antitoxin level of the blood has become low, the animal can be fa- 
tally intoxicated because the blood is not capable of inactivating much toxin 
at one time. This situation cannot happen in the natural disease, however, 
because all infections have to have small beginnings, and it is in the begin- 
nings that the blood antitoxin is effective 

When experimental animals are injected with toxin for the first time, anti- 
toxin production is rather slow, it may be several weeks following a single 
injection before the maximum level is reached. On the other hand, when a 
dose is given to an animal that previously had been injected with the same 
material, even though it may have been many weeks, months, or years pre- 
viously, the antitoxin content begins to rise much more quickly. Nature evi- 
dently IS not depending wholly on the small level of blood antitoxin for pro- 
tection, the tissue cells are in readiness to produce more, when more is needed. 
Animals in this state are said to be actively immune. Other animals can be 
made passively immune by injecting blood or blood serum from actively im- 
mune animals into them Such animals have heightened resistance only to 
the extent that it is conferred by the antitoxin which 1$ introduced, and this 
IS fleeting since the foreign antibodies are eliminated or destroyed within a 
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period of several weeks The tissues of such animals arc not prepared to pro- 
duce more antitoxin. 

Antibacterial Immunity. The mechanisms that are involved in dealing with 
organisms that produce disease by actively invading the tissues are consider- 
ably more complicated and less is known about them than about that which 
has to do only with toxins. In general it apjiears that bacteria arc treated by 
the body in much the same way as inert particles of any kind 

Nonviruleiu organisms are destroyed by these mechanisms. Large numbers 
of virulent organisms also are destroyed but their ability to multiply in the 
body often enables virulent organisms to mcrease faster than they can be de- 
stroyed, in which case the defense mechanism sooner or later is broken down 
and the body is overwhelmed by the infection 

THE BEHAVIOR OF THE FLUIDS AND TISSUES OF NORMAL ANIMALS TOWARD 

FOREIGN PARTICLES 

When suspensions of finely divided insoluble material, such as carmine or 
carbon (India ink), are injected into a vein of a normal animal, the material 
does not remain long in the circulation After a few hours, at most, the greater 
[lart of It can be found dciiosited in certain oigans, especially the liver, spleen, 
lymph glands, and bone marrow It is fixed in these locaiions by being taken 
up from the circulating fluids by certain phagocytic cells which are known as 
macrophages or histiocytes These cells are a part of what Aschoff ( i) calls the 
reticulo-endothehal system of the body This system is a series of somewhat 
similar cells which are scattered through all parts ot the body. Most of these 
cells are fxed, that is, they are permanently located in, and form a part of, 
the various organs A smaller number are not so attached anti are found 
wandering through the tissues and circulating in the blood and lymph The 
sessile or fixed tissue macrophages include the endothelial cells lining the 
sinusoids of the liver (Kupffer cells), and those of the sinuses of the spleen, 
bone marrow, and lymph nodes, also the reticular cells, wherever they occur, 
which IS largely in the spleen and lymph node' The circulating macrophages 
of the blood often are called large mononuclear leucocytes, or endothelial leu- 
cocytes Uesidcs those which are a part ot the reticulo-endothehal system, an- 
other kind of circulating blood cell, the polymorphonuclear ot neutrophilic 
leucocyte, plays an important role in many infections. 

Suspensions of inert material which are relatively stable before injection 
usually become unstable in the blood This applies also to bacterial suspen- 
sions. The particles, or bacteria, are precipitated out of suspension and form 
masses which then lodge in some of the capillaries, particularly those of the 
lungs This process is known as agglattnaUon Agglutinated masses are at- 
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tacked by phagocytic cells, broken down gradually, and earned away piece- 
meal by the phagocytes 

When nonvirulent organisms are in)cctcd, they arc taken up, like inert ma- 
terial, by the cells of the reticulo-endothelul system, and especially by the en- 
dothelial cells of ihe liver and spleen They are then destroyed by intracellular 
digestion. 

Virulent organisms are taken up by the same cells but all of them are not 
destroyed After a few hours, the number of bacteria in the blood begins to 
rise because of iheir multiplication and from this point on, the outcome of 
the disease depends upon whether the ph.igocytic cells can remove the organ- 
isms as fast as they are produced The following table, taken from Topley and 
Wilson (ii), illustrates a typical experiment conducted by Wright, who 
studied the disappearance from the peripheral blood of rabbits, of nonviru- 
lent, slightly viruknt, and highly virulent pneumococci 


TABLE I 

Numbers of Pneumococci in the PERipiiEitRC Blood of Normsl Rabbits 
AFTER Single Intravenoi s Doses • 


Time 

\\ iruitat 

Sliiilulv viruIkHt 

HighK virulent 

Immediately • 

8,900,000 

1,0^0,000 

1,070,000 

1 wo hours . . 

206 

20,800 

137,000 

i ive hour& 

2 

340 

25,000 

H hours 

0 

1,300 

1,510,000 

4)j hours 

— 

'34 

Animal dead 

96 hours 

— 

(> 

— 


•From loplc> am] Wilson 


In this exjicriment, nearly 98 per cent of the highly virulent culture had 
been removed from the blood bv the end of five hours It must not be sup- 
posed that they had been killed, however, since the subsequent behavior of 
the infection clearly showed th.it this had not been the case 
When inert particles, or bacteria, are injected into the body by other routes, 
they eventually arc handled by the same types of cells that deal with them 
fallowing intravenous injection Often the load of foreign materials, after sub- 
cutaneous or intramuscular injection, is so slowlv absorbed that the greater 
part of It IS handled by the local macrophages, or by those of the neighboring 
lymph nodes Animals frequently can be killed by smaller doses of pathogenic 
organisms that arc injected into local areas than when they arc introduced di- 
rectly into the blood When injected into the tissues they usually do not en- 
counter the full strength of the protective mechanism, as they do when they 
enter the blood, and thus are enabled to multiply and establish a focus from 
which the blood later u flooded with organisms. 
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The peritoneum has a characteristic defensive mechanism The peritoneal 
fluid usually has few cells in it. When bacteria or other particles are intro- 
duced into the cavity, there occurs an outpouring, for a few hours, of poly- 
morphonuclear leucocytes, which phagocytose the particles Within a few 
hours, these cells cease to take an active part in the situation; macrophages 
now appear in abundance and these cells not only lake up any free particles 
which may be left, but also the polymor|ihonuclear cells which contain such 
particles. All of these cells then tend to collect on the surface of the omentum, 
which contracts into a mass in the anterior part of the cavity, usually coated 
with fibrin In this mass, carbon particles or ilcad acitl-f.ist bacilli can be rec- 
ognized for months 

Bacteria or other particles pass very quickly from the peritoneal cavity into 
the lymph sp.iccs, then into the lymph channels and the blood. Organisms 
introduced into the peritoneal cavity often can be found in the blood within 
a matter of minutes It is believed that the pumping action of the diaphragm 
favors this passage 

Organisms that are introduced by mouth reach the tissues, in many in- 
stances, by invasion through the tonsillar crypts, whence they are carried to 
the neighboring lymph nodes In other instances, they pass into the intestine, 
through the intestinal mucosa into the lymphatics and thence into the mesen- 
teric lymph nodes where they often lodge After penetrating the mesenteric 
lymph nodes, they are washed into the thoracic duct and finally into the 
blood. It appears that the normal intestinal mucosa is remark.ibly resistant 
to penetration by bacteria, a fortunate circumstance, but there is no doubt 
that many organisms are constantly escaping through defects or injuries, 
if not through the normal epithelium 

THE BEHAVIOR OF ANIMALS TOWARD INJECTIONS OF ORGANISMS TO WHICH 
THFY HAVE BEEN IMMUNIZED 

Animals which previously have been treated with suspensions of living or 
dead organisms, or extracts of such organisms, behave toward virulent organ- 
isms in much the same way as untre.ited animals do toward the nonvirulent 
Table II (page 24), from Topley and Wilson, showing the behavior of nor- 
mal and immunized rabbits to an intravenous injection of a virulent pneu- 
mococcus culture, shows this 

PASSIVE TRANSFERENCE OF ANTIBACTERIAL IMMUNITY 
It IS possible to render an animal parually or wholly resistant to an infec- 
tion by introducing into it the scrum of another animal which has been ac- 
tively immunized against it The passive immunity is immediately effective 
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TABLE II 


NrMBEKS OF VlRI’IENT PNEI’MOrOCCI IN THE PERIPHERAL BlOOD OP NoRMAL AND 
Activeiy Immunized Rabbits after a Single Iniravenous Dose* 


Time 

Normai I 

1 iMMUNIZrO 

AFTER IVJLrTIOV 

Rnhbit 247 

RjN)it 24S 

Rabbit 299 

Rabbit 300 

Immediately 

870,000 

1,100,000 

1, 000,000 

1,000,000 


1,300 

^,too 

12 

68 


142,000 


0 

269 


2,800 

Innumcralilc 

149 

79 

1)6 hours 

Dead 

Dead 

0 

0 


• rroiii Topity and VVilwin 


after the injCLtion of the serum but is short-hvctl The scrum is cell-free, and 
since the passively immiini7ed animal behaves toward the infection in essen- 
tially the same way as the activdv immunized, or in the way that an unim- 
munized animal behaves toward a nonvirulent organism, it follows that there 
IS something (antibodies) in the scrum of the immunized animal which de- 
stroys the virulence of the organism 

Protection in antibacterial immunity, therefore, is due to the co-operative 
effort of serum antibodies and the cellular mechanism which has been de- 
scribed The effect of antibotlics, passively transferred in serum, on the course 
of the infection by virulent pneumococci in the rabbit, is shown in the fol- 
lowing table The immunized rabbits had been given antipneumococcus se- 
rum prior to the time of the test 


TABLE HI 

Numbers of Viriievt Pnei mococci in the Periphfrai Biood of Normal and 
pAssivEM Immunized Rarbiia afifr a Single Intravenous Dose* 


Time after inicction 

Norma! r ibhit 

ininmni/ed r'ibbit 

Immimucd rabbit 

Immediately 

2,300,000 

2,300,000 

2,(X)0,000 

5 hours 

43,000 

2 

5 ? 

24 hours 

licad 

8 

14 

48 hours 

— 

0 

J 

^ hours 

— 

0 

0 


• I rom Topic) and WiUon 


EFFECTIVENESS OF ANTIBACTERIAL IMMITNITY 
The effects of immunization so far described have been those which tended 
to keep the blood stream free of bacteria and thus to prevent fatal bacteremia. 
Although the blood may be kept free of organisms, it does not follow, nec- 
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essanly, that the whole body has been freed from them In many instances 
organisms continue to multiply locally, producing local damage which may 
be so extensive as to cause serious consequences, particularly when they arc 
located in vital organs Such animals must be regarded as only partially im- 
munized Antibacterial immunity is much more apt to be partial, more vari- 
able, and less effective than antitoxic immunity. 

Types of Immunity 

Immunity or resistance to disease, may be divided into two categories, 
innate and acquired Innate immunity is something that is inherent in an 
animal, and is not due to the presence of antibodies Acquired immunity is 
associated with the presence of antibodies These arc not inherent but are 
caused by contact with agents which have stimulated their formation. 

INNATE IMMUNITY 

One form of innate immunity is speaes mmnnity This may be absolute 
or It may be relative Man is absolutely insusceptible to hog cholera, but only 
relatively insusceptible to foot and mouth disease Horses arc absolutely in- 
susceptible to foot and mouth disease but only relatively resistant to tuber- 
culosis Species immunity appears to be due to a physiological incompatibility 
between host and parasite 

Racial immunity always is a relative matter Races or breeds of plants and 
animals which have greater or less resistance to particular diseases than 
their parent stock may be developed by selection Under natural conditions, 
such races develop spontaneously. 

Individual immunity of innate nature always is relative and generally of 
slight degree When epidemics of disease cKCur, all individuals of populations 
seldom contract them This matter is complicated, of course, by the facts that 
acquired immunity generally is involved and that not all individuals are 
equally exposed. 

ACQUIRED IMMUNITY 

Acquired immunity may be active or passive An active immunity is ac- 
quired by having suffered from an infection, either frank or unrecognized, 
or by having been artificially immunized by the injection of living or dead 
cultures, or by culture filtrates. These substances contain antigens, and be- 
cause of stimulation by them the animal produces antibodies. Active immu- 
nity IS relatively long lived and someumes life long. 
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Passive immunity is attained by the transference of antibodies from another 
animal which has been actively immunized The immunity in these cases 
lasts only so long as the antibodies remain in the body, which is a matter only 
of several weeks Passive immunity usually is a state created artificially by the 
injection of antibody-containing serum The only occasion when passive im- 
munity occurs naturally is when antibodies pass to the fetus in utcro, or to the 
new-born through the first milk, or colostrum, of the mother 

IMMUNITY OF VERY YOUNG ANIMALS 

It has long been recognized that human infants usually are resistant to 
many of the common diseases during the first several weeks of their lives 
1 he infant is resistant only to those diseases to which its mother is resistant, 
and the immunity is due to the passive transfer of antibixhes from the ma- 
ternal blood to that of the fetus tn utero through the placenta. In the case of 
children it is known that very young infants seldom contract diphtheria 
Zingher (13) has shown that very young infants usually are negative to the 
Schick test which indicates that they carry antitoxin in their tissues Ehrlich 
(3) was one of the first 10 show that antibodies could be transmitted through 
the placenta Working with the phytotoxins, ricin and ahrin, he showed in 
1892 that young mice, born of immunized mothers, possessed protective anti- 
bodies in their blood Famulcner (6) showed that hemolytic antibodies passed 
to the young kids from iiniminizcd mothers On the other hand. Smith and 
Little (9) showed that calves are not passively immunized in utero, and there 
IS evidence to indicate that swine likewise are exceptions to the general rule. 
In these instances, nature has made up for the defective mechanism by stor- 
ing a rich supply of antibodies in the colostral milk of the mother, and the 
new-born must depend upon this material to provide the early immunity that 
they need. The young animal usually suckles during the first hour after birth 
and thus takes in, quite promptly after birth, the antibothes which are stored 
in the colostrum. These antibodies would not he absorbed unchanged from 
the intestine of the adult animal, but the intestine of the young calf permits 
them to pass freclv Within an hour after taking his first meal, antibodies can 
be detected in the blood of the calf. 

The tissues of very young animals do not always react to antigenic stimuli 
in the same way as those of older animals, and for this reason it is believed 
that the antibody-forming mechanism is imperfectly developed at birth, and 
has to mature afterwards It is known, for example, that some of the skin 
reactions to tuberculin are atypical, or they may fail to appear, in very young 
tuberculous animals, and that very young pigs do not react to injections of 
virus of hog cholera in the same way that adult animals do. 
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LOCAL IMMUNITY 

The immunjiie^ so f.ir discussed have been those of the animal as a whole. 
The question has often been raised as to whether or not it was possible for 
one part of the body to develop resistance to an infection while other parts 
remain susceptible After an attack of erysipelas, it has often been observed 
that the skin of the affected area becomes relatively resistant to reinfection 
for a considerable time, while the skin of other parts of the body has little or 
no evidence of heightened resistance When certain to\ins are injected into 
the skin, the injected area later becomes relatively insusceptible to a second 
injection, while other parts may be quite as susceptible as ever These phe- 
nomena formerly were interpreted as evidence of specific resistance, but it is 
now known that the greater part, if not all, of this heightened resistance is 
due to the inflaininatory reaction which has mobilized macrophages and left 
other changes which together m.ike the area less sensitive Injections of for- 
eign serum, of egg albumin, and even of salt solution will render an area less 
sensitive to injections of irritating toxins or bacteria It appears probable that 
an increase in specific resistance in such areas is a manifestation of a general 
immunity 

INFLUENCE OF NUTRITION AND ENVIRONMENTAL FACTORS ON RESISTANCE 

TO DISEASE 

At times of food restriction during wars and during famines, epidemic 
diseases of man and animals usually appear, and these frequently are more 
malignant than those seen at other times One f.ictor in some of the instances 
IS a gross deficiency in Vitamin A. which occurs in man when there is an 
acute shortage of animal fats Expcnmcncilly, it has been shown by many 
workers that animals kept on diets which are deficient in this substance are 
much more susceptible to infectious diseases than animals which arc fed 
adequately There also is some evidence that deprivation of Vitamin C from 
animals such as guinea pigs, which have no power to synthesize it, will render 
them more susceptible to certain diseases, particularly pneumonia The other 
vitamins, or lack of them, appear to play little pan in infections 

It should be emphasized that these results are obtained with animals wholly 
deprived of these vitamins, and it is not clear whether slight deficiencies 
would have any serious effect. Animals or persons who are on a varied diet 
probably seldom are so deficient in either of the vitamins mentioned as to ap- 
preciably decrease their resistance to disease. There is little evidence, further- 
more, that the feeding of vitamin concentrates will have any effect upon in- 
fections already started, or that the intake of quantities larger than meet the 
requirements of the body are of any service. 
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Fatigue has long been recognized as a factor in increasing susceptibility 
to disease. This factor appears to be imjxirtant in the so-called “shipping dis- 
eases” of animals 

Heat and cold evidently have an effect upon bodily resistance In dogs held 
in rooms which were hot and humid, Arnold showed that the acidity of the 
gastric )uicc was diminished and that an increased passage of bacteria into 
the intestine from the stomach content occurred Dogs under these conditions 
were much more easily poisoned by Salmonella toxins, given by mouth, than 
others under normal conditions Chilling of the body surface sets up a tram 
of physiological reactions which favor infection, particularly of the respiratory 
tract. 

These are only a few of the more obvious conditions which have an effect 
upon bodily resistance to disease. It is clear that there aie many others, such 
as the presence of finely divided solid material (calcium, silica) in the air 
which IS breathed, or noxious gases (mustard gases used in war), and inter- 
current dise.ises which may he quite trivial in themselves but pave the way 
for more serious infections hy reducing the body’s resistance It is quite certain 
that an individual whose general health is weakened in any way is an easier 
prey ftir many infectious diseases than one who is enjoying good health. 

ANTIGENS AND ANTIBODIES 

The immunologist supposedly is concerned only with the phenomena 
which have relation to an increased resistance of the host .igainst infection 
Actually his work has led him to study a large number of phenomena, hav- 
ing to do with interactions between body fluids and tissues on the one hand, 
and various substances, principally foreign cells and organic bodies on the 
other, many of which have nothing to do with protection against infection 
As defined by Toplcy (lo), an antigen is “any substance that, when intro- 
duced paienterally into animal tissues stimulates the production of antibodies 
and, when mixed with that antibody, reacts with it in some observable way ” 
The same author defines an antibody as “any substance that makes its ap- 
pearance in the body fluids of an animal in response to a stimulus provided 
by the parenteral introduction of an antigen into the tissues and, when mixed 
with that antigen, reacts with it in some observable way ” 

The entire study of immunity is related to the interactions between anti- 
gens and antibodies So far as resistance to disease is concerned, it is the anti- 
gens of the infecting organisms which stimulate the antibodies from which 
the protection is derived. These act directly in some cases, as when antitoxin 
neutralizes toxin, and indirectly in others, as when antibacterial antibodies 
so affect virulent bacteria as to render them susceptible to phagocytosis But 
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there are a great many substances, having no relation to micro-organisms or 
disease, which arc antigenic. When antibodies arc produced by the injection 
of any of these, the serum is said to be immune. Instead of calling them by 
this name many prefer to use the word antiserum 

When antibodies are produced by the injection of bacteria, or of other cells. 
It should be realized that it is not a single antibody which is produced but 
many of them, for all cells contain many antigenic substances and each of 
them stimulates the formation of its own antibody. 

Antibodies cannot be demonstrated except as they produce observable re- 
actions when placed in contact with their specific antigens These reactions 
are various and often one antibody can be demonstrated in several different 
ways. Before this was realized, names were given to various types of anti- 
bodies according to the way they behaved tn vitro Thus, after an animal has 
been immunized with a bacterial culture, the serum usually acquires the 
property of rendering the bacterium more susceptible to phagocytosis, of caus- 
ing the clumping of the bacterial cells in masses, and of precipitating the ex- 
tracted proteins of the cell from solution In some instances, it may acquire 
the projierty of actually dissolving the cell In the first of these instances, the 
reaction is said to be due to antibodies called opsomns, in the second, to others 
called agglutinins, in the third, to precipitins, and in the fourth, to bacteri- 
olysins There is abundant evidence to indicate that these are not separate and 
distinct antibodies, but are different manifestations of the same one We con- 
tinue to use these terms but it should be kept in mind that the name indicates 
only the method which was used to demonstrate it, and not that the anti- 
body IS a special one adapted only for performing the function by which it 
was demonstrated 

THE NATURE OF ANTIGENS 

The chemical nature of antigenic substances has been greatly clarified in 
recent years by workers who have approached the problem by synthesizing 
relatively simple antigens These arc precipitated from their colloidal solu- 
tions by their specific antibodies, the antibody as well as the antigen being a 
part of the precipitate. 

Until quite recently, it was believed that all antigens either were proteins or 
still more complicated chemical compounds having a protein component. 
This idea had to be abandoned when it was demonstrated that certain non- 
nitrogenous compounds derived from the polysaccharide of the pneumococ- 
cus could stimulate antibodies in horses and man, although not in the rabbit. 
Whatever their chemical nature, antigens are of relatively large molecular 
weight and, consequently, do not diffuse readily through organic membranes. 
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Antibodies may be looked upon as nature's means of attacking, digesting, and 
removing these agents which otherwise could not be removed from tissues 
when accident earned them in 

The antibodies formed by the in|ection of highly purified, crystalline pro- 
teins are highly specific Albumins can easily be distinguished from globulins, 
and egg albumin of the chicken can be distinguished from that of the duck, 
or of other birds, by immunological means 
It has been demonstrated that the immunological specificity of pure pro- 
teins can be changed by chemical means If, for example, several proteins, such 
as the serum albumins of several species of animals are halogenated or ni- 
trated, the resulting compounds are still antigenic but the species specificity of 
the albumins are lost and instead a new specificity is shared by the several 
nitrated, or by the several halogenated, albumins 
The synthetic antigens of Landstciner and others are prepared in various 
ways, the most common being by utilizing the diazo reaction. Substances 
containing a benzene ring to which an ammo group is attached are treated 
with nitrous acid to form a diazo corafKiund When this is mixed with a pro- 
tein containing either tyrosine or histidine, the compound unites with the 
protein. If such a con]ugatcd protein is used as an antigen, the resulting anti- 
serum will react either with the original protein, or with the con)ugated com- 
pound If the diazo compound is attached to two different proteins, the anti- 
serum proiluced by the injection of tuber will react with both antigens This 
proves, of course, that the reaction is dependent upon antibodies which have 
reacted with the diazo compound because the proteins have nothing in com- 
mon, immunologically If the antibodies are mixed with the diazo compound 
alone, or with a dia/o compound attached to a substance simpler than pro- 
tein, such as tyrosine, no precipitate will occur If later, however, the com- 
plete conjugated protein is added to such a mixture, precipitation will be in- 
hibited This proves that the diazo compound has united with the antibody 
and satisfied its combining powers even though precipitation did not occur 
In the definition of an antigen, it will he recalled that it has two properties 
(a) the power of stimulating the formation of antibodies, and (b) the power 
of uniting with them, in vitro To substances, like the diazo compound just 
discussed, which have the power of reacting with antibodies, but cannot, 
alone, stimulate their formation, Landstciner has given the name haptens or 
partial antigens. Haptens occur naturally They may be of carbohydrate na- 
ture, as the polysaccharides of the pneumococcus, they may be hpoidal, or 
they may be nitrogenous substances 
Landstciner (8) recognizes three kinds of antigenic complexes: 
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(a) Simple haptens, which, like the cliazo compound alone, confer immuno- 
logical specificity, but are not precipitated by their antiserums, and do 
not have the power of stimulating antibody formation 

(b) Complex haptens, which, like the pneumococcus polysaccharides, confer 
immunological specificity, are precipitated by their antiserums, but do 
not have the power of stimulating antibody formation. 

(c) Complete antigens, like proteins or protein conjugates, which have im- 
munological specificity, are precipitated by their antiserums, and have 
the power of stimulating antibody formation 

Several workers have reported success in producing antibodies with non- 
protcin substances adsorbed on inert material such as collodion particles and 
finely divided carbon Such studies, and even the work on synthetic antigens 
in which protein plays a part, suggests that antigenicity may not be so much 
a matter of structure as it is a matter of the manner in which the substance 
IS presented to the tissues, that a earner substance of high molecular weight 
IS necessary. 

THE NATURE OF ANTIBODIE.S 

It has been said previously that anitbodies in immune serum can be detected 
only by their reactions with their specific antigens The serum of an immu- 
nized animal shows no characteristic chemical differences from that of a nor- 
mal animal. The antibodies can, however, be precipitated from immune se- 
rum by reagents which precipitate the proteins, and can be separated from 
the other proteins in the globulin fractions The antibodies usually are mostly 
if not entirely in the pseudo-globulin fraction It is presumed, therefore, that 
It IS these globulins which have assumed the role of antibodies. 

It has been suggested that antibodies arc but altered antigens. Because of 
the large amount of antibody that may be produced by small amounts of 
antigen, this does not seem at all likely, in fact some have computed that the 
disparity between the amounts of antibody which can be produced by definite 
quantities of antigen is so great as to make the idea a mathematic impossibil- 
ity 

THE FUNCTION OF ANTIBODIES 

Immediately after an attack of a disease, or after active immunization by 
artificial procedures, antibodies usually are demonstrable in the circulating 
blood in appreciable amounts If the animal succeeds in destroying the infect- 
ing organism and dears the system of them completely, the antibody content 
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o£ the serum diminishes rather rapidly If this does not happen, it usually 
means that local foci of infection continue to exist 
The disappearance of antibodies in the circulating blood of an actively im- 
munized animal does not mean that all immunity is lost; in a passively im- 
munized animal it does have this significance An actively immunized ani- 
mal retains in his tissues a capacity of quickly producing more antibodies 
when the occasion demands Sometimes it is said that sessile antibodies exist 
in the tissues At any rate, the degree of resistance to a disease cannot be ac- 
curately measured by the amount of circulating antibody Circulating anti- 
bodies indicate that resistance exists, but high degrees of aetive resistance, or 
immunity, may exist when few or no antibodies can be demonstrated in the 
blood. 

EHRLICH'S “SIDE-CHAIN” THEORY FOR THE FORMATION OF ANTIBODIES 
Paul Lhrlich was, by training, a chemist, but he early became interested in 
bacteriological problems Some of his earliest studies were with bacterial tox- 
ins and their antitoxins 'I hese will be described later 
In 1SH5, Ehrlich (5) published a theory which he had developed to account 
for cellular nutrition In this, he postulated that before any cell could profit 
by a chemical nutrient with svhich it came in contact, the substance had to 
enter into chemical combin.itton with it In doing this, he regarded the tells 
as having a central nucleus of matter, which differed with the different types 
of cells, but all of them had "receptors” or side chains through which the 
chemical affinity for the nutrient w’as expressed The matter generally is illus- 
trated by comparing the situation to the chemical formula for the benzene 
ring. 
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I 
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/ 

H— C C— H 
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H— C C— H 

x/ 

c 

I 

H 

The chemical nucleus of this compound is represented by the six carbon atoms 
which are so firmly bound together that they cannot easily be broken down 
The hydrogen atoms, representing the “receptors" are quite easily displaced 
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by other chemical groupings such as NOj, OH, COOH, NHa, these com- 
pletely altering the character of the compound, as, for example: 
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The side chains thus represent affinities for other chemical groupings which 
combine with the chemical nucleus quite readily Thus it is with the “side 
chains” or receptors of cells 

Ehrlich carried his nutritional theory into the field of immunity where it 
became best known His theory is no longer acceptable but inasmuch as Ehr- 
lich, in connection with it, corned a large part of the terms of immunology 
and since this terminology continues to be used in spite of the abandonment 
of the theory, it is well for every student of the subject to understand the con- 
cept which he had 

Knowing that toxins were comphcated chemical substances which affected 
some types of cells and had little or no effect on others, Ehrlich reasoned that 
the susceptible cells had affinities, or “receptors," for the toxin molecule and 
the nonsusceptible cells did not But the toxins are substances which injure or 
even destroy the cells which have “receptors” for them If the injured cells are 
not wholly devitalized by the experience, repair of the damage occurs and in 
the course of this repair, nature tends to overcompensate for the damage done 
by producing more of the special "receptors” than previously existed or for 
which the cells have any use These supernumerary receptors are then de- 
tached from the cells and pass into the fluids of the body These free receptors 
retain their affinity for the toxin for which they are specific, unite with it when 
the opportunity is presented and so neutralize or inactivate the toxin that it 
becomes harmless to the tissue cells Animals with free receptors in their 
blood are immune to the toxin so long as there are enough receptors to unite 
with all the toxin present, and the blood scrum of such animals, containing 
the receptors, can be used to protect other animals into which it is injected. 
The receptors of Ehrlich arc what we call antibodies, in this case, antitoxin. 

This IS a bare outline of the concept of Ehrlich He applied the theory to 
types of antibodies other than antitoxins, developing eventually an exceed- 
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ingly complicated system made up of three orders which will not be discussed. 
It will be seen, however, that Ehrlich's b.tsic idea is that antibodies, the basis 
of artificial immunity, are produced by certain cells of the body as a result of 
a reaction to an inpiry We might liken the process to the everyday experience 
of learning as, for example, the baby who burns his fingers on a stove and 
learns, thereby, not to repeat the process 
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CHAPTER III 


TOXINS AND ANTITOXINS 


When toxin and its specific antitoxin arc mixed tn vttro in proper propor- 
tions, a union between the two agents occurs. This union is manifested in two 
ways: (a) the poisonous properties of the toxin are destroyed or inactivated, 
and (b) a precipitate is formed, consisting of the toxin-antitoxin combination. 

It was at first thought that neutralization of toxin with antitoxin was a 
simple reaction, much like the neutralization of an acid with an alkali. How- 
ever, It IS now known that the matter is much more complicated Some of 
the first studies on toxin-aniitoxm combinations were made by Ehrlich (2), 
and It was he who established some of the first units of measurement and 
gave names to them The first studies were with diphtheria toxin and anti- 
toxin, substances with which students of animal disease have little concern. 
The reason for describing them here is that the nomenclature, if not the unit 
sizes in every case, has been carried over from these studies to all toxin-anti- 
toxin studies. 

TOXIN UNITS (DIPHTHERIA) 

The simplest unit of toxin is the Minimum Lethal Dose (M.LD.). This 
IS the amount of toxin which will kill a 250 gram guinea pig in about 96 hours 
after subcutaneous injection Ehrlich formulated an antitoxin unit which now 
IS of no importance except that it was with this unit that he discovered some 
of the peculiarities exhibited by neutralization experiments. The Ehrlich unit 
was based upon the antitoxin’s ability to neutralize a test dose of toxin con- 
sisting of 100 M L D Since this toxin deteriorated with age, and since deteri- 
oration was not accompanied by a change in its power to unite with anti- 
toxin, It was found that a much larger quantity of antitoxin was required 
to neutralize 100 M L D of old toxin than of the freshly made. The reason 
for this IS that the toxoid, formed by deterioration of the toxin, unites with 
antitoxin in the same way as the toxin A iresh toxin solution contains little 
toxoid, an old one a great deal. To obtain neutralization of a toxin solution, 
enough antitoxin must be added to combine with its toxoid content as well 
as Its toxin. The amount of antitoxin required to neutralize 100 MX.D of 
a toxin in which there is also much toxoid to be satisfied, naturally will be 
much greater than the amount required to neutralize 100 M.L.D. of another 
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toxin solution m which practically all of the combining power is in the form 
of toxin. This finding induced Ehrlich to formulate two additional units of 
toxin ; 

The L„ dose of diphtheria toxin is the maximum amount of toxin that, 
when mixed with one unit of antitoxin, will be completely neutralized bv it 

The L4 dose of diphtheria toxin is the smallest amount of toxin that, when 
mixed with one unit of antitoxin, will cause the death of a 250 gram guinea 
pig in about 96 hours after subcutaneous injection 

The L„ dose of toxin is determined by injecting guinea pigs, and since the 
size IS judged to be at the point where no symjitoms are produced, the deter- 
mination of this point depends upon the acuity of the observer The end point 
of the L4. dose, since it is determined by the death of the animal, is not sub- 
ject to this objection. 

It IS to be noted that the L„ dose of a toxin does not ch.inge materially as 
toxin deteriorates until practically all toxicity is lost, because there will be 
residual toxicity in a mixture of toxin and toxoid with antitoxin so long as 
both toxin and toxoid arc not fully neutralized In deteriorating, toxin changes 
to toxoid and the sum total of the two remains the s.imt, consequently the 
amount of antitoxin required to neutralize the sum of the two will be con- 
stant. On the other hand, the L4. dose is quickly affected by deterioration 
because even a small reduction in the amount of toxin will rob it of its ability 
to kill the guinea pig within the projicr lime interval. 

ANTITOXIN UNITS 

The antitoxin units vary in different countries This causes much confusion, 
consequently the League of Nations has undertaken to establish international 
units for the curative scrums These no doubt will be adopted by all coun- 
tries in time In the United States, the present unit of dijilitheria antitoxin is 
the smallest amount that when added to an L ). dose of toxin will sufficiently 
neutralize the toxin so that a 250 gram guinea pig will die in 96 hours after 
subcutaneous injection of the mixture Inasmuch as this definition of a unit 
requires the use of a dose of toxin which can be arrived at only by having 
known units of antitoxin in the first place, the definition has no value unless 
a standard antitoxin of known unit value is kept, from which all new anti- 
toxins can be standardized Such a standard is kept by a governmental agency, 
as will be described later. 

The unit of tetanus antitoxin is somewhat different Tetanus toxin is rela- 
tively stable, hence it is possible to use it as a standard The “official test dose” 
of tetanus toxin in the United States is 100 M L D. (for a 350 gram guinea 
pig) of a standard toxin produced by a governmental agency, designated by 
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Congress for the purpose. The antitoxin unit is determined by titrating against 
this standard and it may be defined as follows The antitoxin unit (tetanus) 
IS ten times the least quantity of antitoxin which will protect a 350 gram 
guinea pig for 96 hours against the official test dose of toxin. 



Fig I Commercial Antitoxin Production Bleeding of immunized horses The blood 
IS remined from tin )iigul.ir \ein into gi.iiu lest lubes aiiuainmg sulficient sodium citrate 
to present clotting The lubes aic suired in a eixii room until ibe cells lijvc sedimented 
The pKisma is si]>lioned off and the pseudo globulin, containing the antitoxin, is pre- 
cipitated by chemical means (Courtesy of the lx.ilcrle l.,il>or,itorics, Inc ) 

PRACTICAL PRODUCTION AND STANDARDIZATION OF ANTITOXINS 
Production of Toxins. The organisms are usually cultivated in an infusion 
broth. The diphtheria cultures are grown in shallow layers in large flasks. The 
organisms form a pellicle when growing well. The tetanus cultures are grown 
in large flasks with a minimum of air surface The broth is seeded heavily 
while still warm after boiling and incubated without further attempts to cre- 
ate anaerobic conditions Not all cultures are suitable for toxin formation, and 
frequently best toxin formation occurs only when very exact requirements of 
H ion concentration and nitrogenous metabolism have been met. When max- 
imum toxin accumulation has occurred, the cultures are removed from the 
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incubator and filtered through Berkefeld filters In some cases, the cultures 
are carbolized (0.5% phenol) before filtering to destroy the organisms 

Immunizing the Animals. Horses are used almost entirely Healthy, strong 
animals receive small doses of the toxin generally mixed with antitoxin at 
first Later, larger doses are given without the antitoxin The doses are given 
regularly and are increased gradually until many thousands of fatal doses 
for normal horses can be withstood After several months of treatment, test 
bleedings are done and the antitoxic potency of the serum is determined. 
Many horses prove unsuitable for serum production and must be discarded. 
There is no way to tell which horses may be suitable, hence the manufacturer 
must use many animals in order to find a few which arc good serum pro- 
ducers 

Obtaining the Serum. When the scrum is of sufficient potency, the skin over 
the jugular vein of the horse is cleaned and disinfected. From six to twelve 
liters of blood are drawn through sterile tubes into jars Here the blood clots 
and the serum may be drawn off after standing several days in a refrigerator 
In some cases, the blood is drawn into jars containing a concentrated sterile 
solution of sodium citrate This prevents clotting After standing a few days, 
the corpuscles settle and the clear plasma may be siphoned off 

Concentrating the Antitoxin. The antitoxin is closely associated with, nr is 
in, the pseudo-globulin fraction of the bkxid serum Several “salting out” meth- 
ods are used for obtaining this fraction in a relatively pure state A concentra- 
tion of antibodies is brought about, and a bulk of protein bodies which arc of 
no use in the immunization procedure but which frequently bring about 
“serum sickness” arc eliminated 

Standardization of Diphtheria Antitoxin. Standard antitoxin is maintained 
and distributed by the Hygienic Laboratory of the National Institute of 
Health, Washington, D C An arbitrary unit was established by this labora- 
tory when the antitoxin standardization work was begun about 35 years ago, 
based upon a previous arbitrary unit established by Ehrlich As new lots of 
antitoxin are made up for standardization purposes, each new lot is carefully 
compared with older lots so (hat the standard is kept unchanged Commer- 
cial producing laboratories in the United States must obtain this standard 
antitoxin by which to standardize their own product It is sent out, on request, 
in a dried state hermetically sealed in dark glass containers In this condition. 
It IS relatively stable. 

The manufacturer first must produce his own toxin. He tests this toxin by 
mixing varying quantities with one unit of the standard antitoxin. In this 
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way, he learns the dose of his toxin. He now mixes varying quantities 
of the commercial antitoxin, which he has produced, with the amount of toxin 
which he has found to represent the L4 dose and injects the mixtures into 
guinea pigs of 350 gms weight. Those which die in from four to five days in- 
dicate the dosage which contained the equivalent of one standard unit of 
antitoxin 

The manufacturer must state the unit value of his antitoxin on the trade 
packages When used, allowance should be made for deterioration since date 
of manufacture, also the material should be kept cold In the United States, 
commercial diphtheria antitoxin must contain at least 350 units per cc. 

RAMON FLOCCUIArlON ME11IOU OF STANDARDI71NO DIFllTlIERIA ANTITOXIN. An 

entirely new method of standardizing diphtheria antitoxin was introduced 
by Ramon (3) of the Pasteur Institute in 1922 It depends upon the fact, pre- 
viously observed by others, that, at the neutralization point of toxin with anti- 
toxin, a flocculent precipitate is formed The test is carried out in test tubes 
Varying amounts of the unknown antitoxin solution arc added to fixed 
amounts of a standard toxin solution The tubes are incubated for a compara- 
tively short time and the characteristic coarse flocculation looked for. The 
tube in which it appears indicates the quantity of antitoxin which has just 
neutralized the standard toxin solution 

The flocculation method gives data which correlate well with the combin- 
ing powers of the toxin but there is no such correlation with toxicity except 
in fresh toxins In other words, deteriorated toxins flocculate the same as fresh 
ones 

The flocculation test has proven very useful as a preliminary test during 
standardization. Since it does not measure the ability of sera to neutralize 
toxin, the test is not likely to replace the animal tests. 

INTRACUTANEOUS METHOD OF STANDARDIZING DIPHTHERIA ANTITOXIN. ThlS 

method is cheaper than the standard animal test and probably is more accu- 
rate It is likely to become the method of choice. 

When diphtheria toxin is injected intracutaneously (intradcrmally) in 
guinea pigs, an inflammatory reaction, manifested by swelling and redness, 
results This reaction is the same as that obtained with the Schick test in a 
susceptible person 

In a white-skinned guinea pig, a reaction will be obtained with toxin solu- 
tions containing as little as about Yaoo M L.D The smallest amount of a toxin 
that will elicit a reaction is known as the M R D. (minimum reacting dose). 
In intracutaneous testing, the L, dose corresponds to the L4 dose, 1 c., it is 
the smallest amount of toxin which, when mixed with one unit of antitoxin 
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Will Still give a reaction. The tests are made with fractions of units since the 
total amount injected at one site must not exceed 0.2 cc Several dilutions may 
be tested simultaneously on the same animal. 

Standardization of Tetanus Antitoxin. As for diphtheria antitoxin, the 
standards for tetanus antitoxin in the United States are maintained by the 
National Institute of Health and furnished by that organization to commer- 
cial producers The standard unit of antitoxin was determined for the United 
States by act of Congress in 1902 The oihcial method of determining the 
unit was worked out by Rosenau and Anderson (5) The Institute maintains 
both a standard toxin and a standard antitoxin The two proilucts are kept at 
uniform strength by measuring them against each other The units of tetanus 
toxin and antitoxin are not the same as those of dijihthcria 

Standard antitoxin is furnished the manufacturer on request The smallest 
amount of his own toxin that will kill a ^50 gram guinea pig in from four 
to five days after subcutaneous injection when mixed with V111 unit of the 
standard antitoxin, constitutes ihe dose Uy mixing L, doses of his own 
toxin with varying amounts of his commercial anlitoxin and injecting the 
mixtures into standard-weight guinea pigs, tht manufacturer can determine 
the unit value of his product The least quantity which protects the animals 
for four days constitutes ]'ui unit 

For prophylactic purposes, at least 1500 units should be employed For 
curative purposes, 50,000 or more units frequently are needed and even these 
huge quantities often will not save the patients 

USE OF TOXOIDS FOR IMMUNIZATION 

Animals may be actively immunized to toxins by injecting qiianiities of 
toxins too small to kill, but this jirocedure is loo heroic to be used jiraciicallv 
The severe local cfTects of toxins can be prevented, in part at least, by mixing 
them with antitoxin, as is done in the toxin-antitoxin method of immunizing 
children to diphtheria Toxins which have lost their poisonous projierlies 
through ageing (toxoids) retain their immiiniz.ing properties and may be 
used for practic.!! immunization Better ftir the purpose are the toxoids pro- 
duced by treating fresh toxins with formalin This method was first described 
by Ramon (4) for diphtheria and by Dcscombcy (i) for tetanus The efficacy 
of these toxoids is enhanced by precipitating them with alum Alum-precipi- 
tated toxoids are now frequently used for prophvlactic immunization of man 
against both diphtheria and tetanus. The alum-precipitated toxoid also has 
proved very effective in immunizing horses against tetanus Toxoids are of 
no value in treating cases of disease since the immunity develops slowly They 



TOXINS AND ANTITOXINS 


41 

should be used on children or young animals purely as prophylactic agents. 
For this purpose they have the advantage over antitoxin in that the immunity 
produced is more enduring For further discussion of the use of tetanus toxoid 
on animals see page 280 
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CHAPTER IV 


THE LYTIC ANTIBODIES: BACTERIOLYSINS, 
HEMOLYSINS, COMPLEMENT-FIXATION 


The Lysins 

In iSg4, Pfeiffer (5), in Germany, described the first of a series of studies 
in which It was shown that a liactcrium, the vibrio of cholera, was actually 
broken up, or lysed, by the cell-free fluids of guinea pigs which previously 
had been immunized with dead cultures of this organism The observations 
were made by injecting the cultures into the pcritoiual cavity, and follow- 
ing the reactions by withdrawing tbe peritoneal fluid, from time to time, 
with a hypodermic needle 1 hesc observations are often known as tlie Pfeiffer 
phenomenon The jirincipal facts were as follows 

(a) When a suspension of vibrios was injected into an immunized animil, 
the fluid withdrawn at intervals showed that the oiganisms were not 
multiplying, but instead were swelling and assuming abnormal sh.ijies 
Finally, all organisms underwent fragmentation and disapjicared The 
organisms had been lysed, and the animal remained well 

(b) When the vibrios were injected into a non-tmmunized animal, frag- 
mentation and lysis did not occur After a few hours they began to multi 
ply and eventually they overwhelmed the animal causing its death 

(c) When the vibrios were mixed with scrum from an immunized animal, 
and the mixture injected into a normal animal, the vibrios behaved as in 
(a), and the animal lived 

(d) When the vibrios were mixed with serum from a normal animal {non- 
immunized), and the mixture injected into a normal animal, the vibrios 
behaved as in (b), and the animal died 

Bordet (i) repeated the experiments of Pfeiffer, except that he conducted 
them in vitro, instead of in living animals. Using the same organism, the fol- 
lowing experiments were done: 
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(a) When the vibrios were added to fresh, non-tmmune serum, there was 
only slight evidence of lysis of the organism Eventually, the organisms 
multiplied 

(b) When the vibrios were added to fresh tmmune serum, lysis occurred 

(c) When the vibrios were added to fresh immune serum, which had been 
heated at 6o° C for a few minutes, lysis did not occur 

(d) When the vibrios were added to a mixture of heated immune scrum and 
fresh normal serum, lysis occurred. 

MECHANISM OF THE PROCESS OF SERUM LYSIS 
From the experiments just described, Bordet ileduced that two factors were 
necessary for serum lysis- 

r A specific thermostable factor, which is not normally present in the body 
but which is produced by immunization (antibody) 

2 A thermolabile factor which is present in fresh, normal serum and is not 
increased by immunization. 

These studies were further extended by Bordet who showed that red-blood 
cells (erythrocytes) could be lysed with scrum produced by in|ccting the same 
kind of cells into a species of animal foreign to that from which they came, 
thus the erythrocytes of a rabbit could be lysed by serum from a go.it which 
had received injections of rabbit erythrocytes In these experiments, it again 
was demonstrated that the antibodies produced by immunization reeiuired 
the .assistance of the thermolabile substance of normal scrum When the blood 
cells were mixed with either of these constituents alone, lysis (hemolysis) did 
not occur When the cells were placed in contact with the antibody (ther- 
mostable factor) alone for a time, were then carefully washed to remove the 
antibody, and afterwards were placed in contact with the thermolabile factor, 
hemolysis occurred When the thermolabile factor was used first, and fol- 
lowed by the antibody, hemolysis did not occur From these experiments it 
was evident that the blood cells were capable of absorbing the antibody, but 
not the thermolabile substance, and that the antilxidy injured or sensitized 
them so that the other agent caused their lysis. 

In the case of blood cells and a few bacterial cells, the antibodies, working 
in co-operation with the other factor, do in fact, cause lysis or dissolving of 
the cells for which they are specific. Such antibodies can be produced for any 
type of cell, but, in the vast majority of cases, the cells are not actually dis- 
rupted in the reaction In these cases, the mechanism might more properly be 
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called bactenoctdtns rather than bactcnolysins, however, the latter term is 
usually used whether or not the cells arc dissolved 

AMBOCEPTOR 

The antibodies which arc demonstrated in the lytic phenomena were called 
amboceptors by Ehrlich, because he visualized them as agents which united 
on the one hand with the antigenic cell and on the other with the ihermolabile 
factor Antiliodics of this type were given the name uibstance ^ensabtlatnce 
by Bordet Ehrlich’s name is most commonly used in this country 

COMPLEMENT 

The constituent of fresh normal scrum which is required for the function- 
ing of the lytic antiborhes (the heat labile substance of the foregoing discus- 
sion) was given the name complement by Elirlicli Appaicntly it is identical 
with a substance previously studied by Buchner and which was named by 
him, alexin 

It IS apparent that this substance is nonspecific, that is, it will function to 
injure, and often lyse, any kind of cell which has been acted upon or sensi- 
tized by antibodies 

The nature of complement is still rather obscure It appears to act in m iny 
ways like an en/yme It quickly deteiioraies in lilood after it lias been drawn, 
IS easily destroyed or inactivated by chemical action and by heat, and it may 
be adsorbed from serum by many substances 

Complement will function only when salts .irc [ircscnt It has been shown 
that its inactivation in a salt-free medium is due to the [trecipitation of the 
euglobulins A solution of the precipitated globulins will not show comple- 
ment activity but, if the solution is mixed with the scrum from which it orig- 
inally was precijiitated, the complement activity is restored Evidently, there- 
fore, complement is not a single substance but consists of two or more 
substances working together 

THE BORDET GENGOU PHENOMENON 

This name is given to an experiment conducted by Bordet (2) and his 
pupil, Gengou, to demonstrate that the same complement could function 
equally well with a bacteriolytic and an hemolytic amboceptor The experi- 
ment IS of great importance because it furnished the basis for the complement- 
fixation test The experiment seems rather comjilicated but this really is not 
the case. It is easily understood if one understands the reagents which are 
used. These are five in number, as follows. 
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1 An antiserum (bacteriolytic amboceptor) for some species of bacterium. 
In the original study an antiserum for Pasteurella pestts was used. This 
serum was inactivated (Heated to 56° C. for 30 minutes to destroy any 
complement which may have been present ) 

2. A bacterial antigen homologous with this serum 
In this case a suspension of Pasteurella pestts in saline solution. 

3 Complement. 

Fresh, unhented serum from a normal guinea pig. 

4 Washed erythrocytes of a sheep 

Defibrmated blood from a normal sheep was centrifuged and the plasma 
discarded The sedimented cells w'cre then sh.ikcn up in s.iline solution, 
centrifuged out, and this process repeated several times until all trace of 
the plasma had been removed 

5 An antiserum (hemolytic amboceptor) for sheep erythrocytes 

A normal rabbit was injected several times with suspensions of washed 
erythrocytes of a sheep Finally the rabbit was bled and his scrum obtained. 
This serum was inactivated, to destroy its complement, before being used. 

An outline of the experiment is as follows 

(a) Substances (i), (2) and (3) were mixed in a tube and placed in a wtiter 
bath foi one hour Substances (4) and (5) were now added, the tube was 
shaken and returned to the bath Hemolysis did not occur. 

(b) Substances (2) and (?) were mixed in a tube and the tube placed in a 
water bath for one hour Substances (4) and (5) were now added and 
the tube returned to the bath after shaking Hemolysis did occur 

B.tcteriolysis had occurred in the first cast, as would be expected, since the 
three necessary constituents, antigen (2), .imboceptor (1) and complement 
(3) were present In the process, the complement had been used up or bound 
When blood cells with their hemolytic amboceptor were added, hemolysis did 
not occur because of lack of complement 

In the second instance, because of lack of ambtx:eptor (1) bacteriolysis did 
not occur and the complement (3) remained free after the first period of 
incubation When blood cells (4) with their specific amboceptor (5) were 
added, hemolysis did occur since complement w-as already present in a free 
condition 

In the one instance (a) the complement was fixed by the bacteriolytic sys- 
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tem and hemolysis was prevented; in the other, there was no such fixation, 
hence the complement was free to enter into the hemolytic system On the 
basis of this experiment Bordet and Gengou argued that complement was a 
nonspecific substance since it could function in the hemolytic or in the bac- 
teriolytic system equally well 

THE COMPLEMENT-FIXATION TEST FOR THE DIAGNOSIS OF DISEASE 
The principle of this test is the same as tliat of the Bordet-Gengou experi- 
ment Substances 3, 4 and 5 (which constitute the hemolytic system) arc used 
irrespective of what disease is being studied The antigen (2) is a suspension 
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or an extract of the causative agent of the disease for which the test is being 
made, e g, a culture of Malleomyces mallei when a test is being made for 
glanders Substance number one is the sample of scrum which is being tested 
If this serum came from an infected individual, the amboceptors for that 
disease will be present, if the individual is not infected, the amboceptor will 
be absent The test is run only after the various reagents have been carefully 
standardized (titrations) The prtKcdure in the final test is the same as that 
used by Bordet If hemolysis results, the suspected scium must have been 
devoid of amboceptor, 1. e , the test is negative If hemolysis does not occur, 
the amboceptor for the suspected disease must have been present, 1 e, the 
test IS positive. 
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The test has been used more or less successfully for diagnosing nearly all 
infectious diseases Some diseases in which the test has been successful in a 
practical way are syphilis, gonorrhea, tuberculosis, glanders, infectious abor- 
tion (of cattle), and trypanosome infections 
1 he W assermann rtiicUon (7) is the complement-fixation test as applied 
to the diagnosis of syphilis In the beginning, since the Treponema of syphilis 
had not been successfully cultivated, the antigen used was an extraa of the 
liver of a syphilitic fetus Later extracts of normal organs were found to func- 
tion equally well At present, tlie acetone-insoluble fraction of an alcoholic 
extract of normal heart muscle, to which a small amount of cholesterol has 
been added, is considered the most satisfactory antigen 
The Wassermann reaction depends upon the fixation of complement by 
precipitates which arc formed by the .iction of syphilitic antibodies on Iccithin- 
cuntaining lipoids The test, then, is really a nonspecific one, and yet it has a 
remarkably high specificity for syphilis. For many years, it was depended 
upon, almost alone, for the diagnosis of occult syphilis, but in recent years 
various precipitation tests have been developed which tlepcnd upon observ- 
ing directly the precipitates which are detected by the Wassermann test The 
precipitation tests arc much stmpler, and appeal to be fully as .iccurate as the 
more comjilicated test The tcchnic of Meinicke (4), Sachs and Gcorgi (6) 
and Kahn (5) have been used for the precipitation test The Kahn test, in 
particular, has been very popular in recent years 

OTHER APPLICATIONS OF THF COMPLFMENT-nXATION TEST 

When a known antigen is at hand, this test may be used to identify the 
homologous antibody This is what is done when the test is used for testing 
scrums for evidence of specific diseases On the other hand, when a known 
scrum IS on hand, the homologous antigen may be idciUified This is done 
occasionally m scientific work to identify unknown proteins, or organisms. 
The test may be used in medico-legal cases to identify blood stains, or other 
protein-bearing substances, but the precipitin tests usually are preferred for 
this purpose because of their greater simplicity. 
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CHAPTER V 


THE AGGLUTININS AND PRECIPITINS 


The Agglutinins 

Gruber and Durham (2) (1896) first observed the specificity of the phe- 
nomenon of agglutination of bacteria by antisera, using the typhoid bacillus 
and the scrum of patients Later it was discovered that cells other than bac- 
teria, such as yeasts, fungi, protozoa, bl<Kx] cells, and spermatozoa will ex- 
hibit the phenomenon in the presence of specific antibodies. 

The reaction may he observed tn vitro as well as tn vtvo It consists of a com- 
ing together of the cells in suspension to form aggregates which finally may 
become so large as to be casdy visible with the naked eye as granular masses 
or large flocculi, depending upon the conditions of the experiment and the 
substances present The phenomenon is not a vital one; suspensions of dead 
cells, and of inanimate particles, may l>e flocculated Agglutination depends 
upon antibodies Complement need not be present Red blood cells may be 
agglutinated by heated immune scrum, the addition of complement then 
induces lysis 

Agglutination is the result of the interaction of an antibody (or antibodies), 
known as an agglutinin, with an antigen (or antigens), known as an agglu- 
tinogen, contained in or on the cells Agglutination of cells is believed to be 
the same phenomenon as precipitation of antigens in solution, the difference 
being that in one case the antigens are attached to, nr arc a part of, cells, while 
m the other it is free in solution In agglutination the flocculation of the anti- 
gens by antibodies can occur only by clumping of the cells themselves Emul- 
sions of inert particles, such as collodion and carbon, can be agglutinated by 
antiserums, after the particles have been treated with the homologous anti- 
genic solution, followed by thorough washing to remove all antigen except 
that which is adsorbed by the particles Since cells always contain more than 
one antigen, the agglutination reactions usua,!ly are quite complicated. 

Agglutination is believed to be a physical reaction caused by changes oc- 
curring on the surfaces of the cells, probably caused by a coating of adsorbed 
antibody How these coatings upset the normal stability of the suspensions is 
not known with certainty, but the cells, in the presence of specific antibodies, 
appear to act like hydrophobe instead of hydrophile colloids, and like the 
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former become unstable and are precipitated in the presence of electrolytes. 

Agglutination, as well as precipitation, does not occur in the absence of 
electrolytes When both antigen and antiserum, in the case of prccipitins, have 
been thoroughly dialyzed, the antigen-antibody reaction evidently occurs, but 
without evidence of flocculation Tlie addition of a small amount of salt to 
such mixtures will cause immediate flocculation The presence of salts (elec- 
trolytes) has an effect upon the electric charge carried by the cells, or other 
particles in suspension The electric charge, or poieniial, of the particles is 
the factor which keeps them apart (dispersing factor) anti thus maintains the 
suspension Anything which reduces the potcnti.il on the surface of the cells, 
or particles, reduces the dispersing factor and permits clumping or agglutina- 
tion. The normal bacterial cell in susjicnsion carries a negative potential If 
this IS reduced by adding acid in small increments, the stability of the suspen- 
sion will be reduced gradually to zero, at which clumping occurs, and this is 
at the iso-electnc point at which the potential of the cells has been wholly dis- 
charged If additional acid is added, stability is restored because the cells re- 
sume a potential, but it now is a positive charge that is carried Aggliitination 
of bacteria, at their iso-electric point, is called aud agglutination Serum ag- 
glutination IS not dependent upon the iso-tlcctric point, because the rc.iction 
occurs at a wide range of pH Acid agglutination suggests, however, that 
serum agglutination may have to do with an alteration of the surface potential 
of the cells. 

CELLULAR ANTIGENS 

It can easily be shown that most cells carry multiple antigens Flagellated 
bacteria, for example, usually h.ivc one or more antigens located in the flagella 
{flagellar antigens'), and these are different from those which are found in the 
body of the cell {somatic antigens) An antiserum prepared .igainst flagellated 
organisms will .igglutinate suspensions of the flagella, as well as of the cells 
from which the flagella have been removed, by virtue of the fact that it con- 
tains both flagellar and somatic agglutinins An antiserum prepared against a 
suspension of the flagella will agglutinate the flagellated org.inism but not the 
cells from which the flagella are removed, and an antiserum against the de- 
flagellated organism will agglutinate the flagellated organism but not the 
flagella alone 

Weil and Felix (4), while studying an organism of the Proteus group in 
igi6, observed two types of colonies, one a typical spreading type and the 
other a dissociant of the first which was nonspreading The first was rapidly 
motile, the latter, nonmotilc Suspensions of these two types agglutinated 
differently since the first contained a flagellar antigen whereas the other pus- 
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sessed only the somatic To the flagellar antigen, they attached the name 
H-antigen; to the somatic, O-antigcn These names frequently are used in 
the literature in this way. 

The somatic antigens often are numerous. Some of these antigens are 
thought to he at or near the surface of the cell (surface antigens), while others 
are deeply embedded in the cytopl.tsm (deep antigens) Antiserums prepared 
against the superficial antigens will readily agglutinate cells of the type from 
which they were extracted, but antiserums for the deep antigens often will not 
agglutinate the cells, unless they have been treated by methods whieh remove 
the more superficial parts and exptise the deeper to the action of the antibodies. 

GROUP AGGLUTININS 

Akhtiugh antibodies are quite specific for the antigens which stimulated 
their formation, phenomena art sometimes obsc'vecl whith seem to indicate 
lack of specificity Thus 11 frequently happens that agglutinins formed by 
stimulating with one tirganism will agglutinate other organisms as well as the 
homologous one These art known as grou|> agglutinins The best knotvn 
examples of group .tgglutinins arc those of organisms of the colon-typhoid 
group If one stimulates agglutinins by in)ctting into rabbits certain members 
of the paratyplioid series, these antitxxlies will agglutinate other members of 
the paratyphoid sub group, and the typhoid and colon bacillus as w'ell Usu- 
ally, although not always, the heterologous organisms are not so susceptible 
to the antiboilies as is the spctifit organism and art affected only when greater 
concentrations of serum ait used 

Bacterial cells contain more than one antigenic substance, and group ag- 
glutinins may be explained by assuming that related organisms have some 
antigens in common Suppose, for example, that three bacilli were in a re- 
lated group and that Bacillus I contained antigens A, B, and C; Bacillus II, 
B, C, and D, and Bacillus III, D, E, and F An antiserum for Bacillus I con- 
taining agglutinins a, b, and c would be expected to agglutinate Bacillus II 
but not Bacillus III An antiserum prepared with Bacillus II, on the other 
hand, would be expected to agglutinate all three organisms. 

AGGLUTININ ABSORPTION 

It has been shown that there are two steps in the phenomenon of agglutina- 
tion. (a) Union of the agglutinogen with the agglutinin (antibody), and (b) 
Flocculation of the organisms 

Some organisms cannot be flocculated with immune serum, and floccula- 
tion IS impossible to determine in others because the organism does not nor- 
mally form a uniform suspension in fluids In either of these cases, tt is im- 
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possible to demonstrate a satisfactory agglutination reaction It can be shown, 
however, that binding of the agglutinin has occurred when such organisms 
are mixed with their specific antisera because, if the bacterial cells arc removed 
by centrifugalization, the fluid which remains will be freed of its agglutinin 
This can be determined by testing the supernatant fluid with an organism 
which IS known to agglutinate properly 

Agglutinin absorption has proved to be a more reliable test for distinguish- 
ing between closely related forms of bacteria than the straight agglutination re- 
action In some instances, group agglutinins are present in such large amounts 
that by the ordinary agglutination reaction it is impossible to distinguish 
between the specific and the group agglutinins, for the specific organism may 
be agglutinated in no greater degree than the closely related one In this 
case, absorption of the serum with the two organisms under consideration will 
generally tell which is the specific one The specific organism should absorb 
all the agglutinins, while the closely related one is able to absorb only partially 

Suppose, to use as an example the organisms mentioned under Group Ag- 
glutinins, Bacillus I, containing antigens A, B, and C, had been used for 
immunizing an animal and it had been found that Bacillus II was agglu- 
tinated by the antiserum to the same degree as the homologous strain The 
serum would contain antibodies for each of the antigens in the bacillus in- 
jected. These will be indicated as a, b, and c to correspond to the antigens If 
a large excess of Bacillus I is incubated for a time in a portion of this serum, 
and these are then removed by centrifugalization, the absorbed serum should 
then be free of antibodies, for each antigen would be expected to absorb its 
own antibody, and it wouhl be removed with the organisms No reaction 
should occur when this serum is again tested for agglutinins. On the other 
hand, if Bacillus II, containing antigens B, C and D, is used for absorbing 
the serum, agglutinins b and c would l>e removed, but agglutinin a would 
remain. When this absorbed serum is tested fur agglutinins, using the homol- 
ogous organism, some agglutination should occur due to the presence of ag- 
glutinin a. This would indicate that Bacillus I is the homologous one, and 
Bacillus II, the heterologous. 

NORMAL AGGLUTININS 

The blood serum of normal animals frequently contains small quantities 
of agglutinins for a variety of bacteria Young animals do not possess these 
antibodies so frequently as do older animals, a fact which suggests that they 
may have developed as a result of infections, perhaps so mild as to be un- 
detected. In diagnostic work, it is necessary to know the range of normal ag- 
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glutinins for the organism and species concerned in order that reactions 
within this range may not be interpreted as of diagnostic significance, 

ZONE PHENOMENA 

Some sera, particularly those that have been kept for some time and those 
that have been heated to 6o°-7o° C„ behave peculiarly in that agglutination 
fails in the lower dilutions (proagglutinoid zone) but occurs in the higher. 
This phenomenon has been extensively studied and various explanations 
have been postulated. It is generally believed now that some kind of protec- 
tive colloid IS the interfering factor and that agglutination occurs in the higher 
dilutions because this colloid has been diluted out. Occasionally a serum is 
encountered in which agglutination will occur in low and very high dilutions, 
but will fad in intermediate dilutions. No adequate explanation has been 
given for this paradoxical behavior 

PRACTICAL USES OF THE AGGLUTINATION TEST 

The agglutination test is widely used for the diagnosis of disease Theoreti- 
cally, It may be used for any disease causeil by microstopit organisms, prac- 
tically there are difficulties in the way of its use for some, as, for instance, when 
the organism grows characteristically in the rough form and, therefore, is 
spontaneously unstable in suspension It has been used with .1 large measure 
of success in typhoid and the other enteric fevers of man, in undulaiil fever 
and tularemia In animals, it has its widest uses in brueellosis and pullorum 
disease When the test is used for the diagnosis of disease, suitable identified 
cultures are suspended in a fluid This sus|x;nsion is eommonlv known as anti- 
gen Definite amounts of the antigen are mixed with multiple dilutions of the 
serum of the patient, either m a test tube or in the form ol drops on a glass 
surface The reaction may develop immediately or it may require some hours 
for completion, depending upon the conditions under which the test is con- 
ducted 


The Precipitins 

When an antigen in solution is mixed with its antiserum, a flocculent pre- 
cipitate generally is formed. This precipitate is formed largely of the globulins 
which constitute the antibody, but the antigenic substance is also included 
in It. The antigen used m precipitin tests is known as preapttmogen, the anti- 
body as precipitin Precipitins undoubtedly are the same as agglutinins, and 
the amboceptor of the lytic antibodies. 

Most proteins will serve as precipitinogens, also the other substances men- 
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tioned in the discussion on the nature of antigens Gelatin, which lacks the 
aromatic amino acids, will not produce precipitins, and proteins which have 
been treated with alkali (raccmized) lose their power to produce prccipitms. 
Precipitins, like agglutinins, will not exhibit their characteristic properties in 
the absence of electrolytes, and in most other respects exhibit the phenomena 
that have been discussed under agglutinins. 

PRACTICAL USF.S OF THF PRECIPITIN TEST 

The precipitin test is a very useful one for identifying antigenic substances 
of ail kinds It may be used for the diagnosis of disease but, when it is feasible, 
the agglutination test will give the same information and is preferred because 
of its gre.ntcr simplicity The Kahn and other precipitin tests for human syph- 
ilis already have been discussed. In veterinary medicine, the Ascoli (t) test for 
anthrax is perhaps its most important use. 

The Ascoli test is widely and successfully used in Europe for detecting 
dried hides which have come from anthrax-infccted animals An antiserum 
for anthrax protein is kept on hand Bits of the dried hides are snipped off, 
minced, and soaked in water, or extracted in other ways The extract is fil- 
tered to clarify it, then it is layered in small tubes on the precipitating serum 
If the animal from which the hide came was infected with anthrax, there will 
be enough of the protein in the hide-extract to form a cloudy ring at the line 
of junction of extract and antiserum. 

The precipitin test often is used in medico-legal cases for identifying blood 
stains, determining deer meat or other game taken out of season, or for identi- 
fying proteins of any kind. Identification can be made of such antigens even 
though they may have been dried for many years It has been claimed that 
muscle tissue taken from Egyptian mummies has given precipitin reactions 
for human protein. 

For identifying the species of origin of any antigen, the laboratory must 
have on hand specific antiserums for the protein of as many species as may 
be called into question The stain, or the dried tissue, is merely soaked in 
water until it has been well extracted, the extract is clarified by filtration and 
then layered m narrow tubes with the series of antiserums A precipitate at 
the place where the layers come in contact will identify the homologous 
antigen. 

ZOOLOGICAL SPECIES RELATIONSHIPS AS DETERMINED BY WIECIPITINS 
An interesting use of the precipitation test was made by Nuttall (3) who 
tested the blood proteins of a large series of animals against an antiserum 
specific for human protein. He found that the blood serum of the chimpan- 
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zee gave practically as good reactions with it as human serum, and some of 
the other anthropoid apes gave good reactions but not as good as the chim- 
panzee. Other animals did not react He regarded the results as another proof 
that man is not far removed from the apes on the phylogenetic tree. 
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CHAPTER VI 


PHAGOCYTOSIS 


Of the phngocytes of the circulating Wood, the neutrophilic leucocyte, some- 
times known as the [xilymorphonuclear leucocyte, is the most active against 
bactcrin It is j very mobile cell and may be found wandering through almost 
all tissues of the body In acute inflammatory processes, this cell usually is 
conspicuous The pyogenic bacteria have a powerful attraction for this cell 
and pus alwavs contains large numbers of them For this reason, the neutro- 
philic leucocyte is often called the pus cell It readily phagocytoses manv bac- 
teria and destroys them by intracellular digestion This cell may be easily 
studied in vitro, and, as a result, more is known of its phagocytic activity than 
of any other type of cell In many instances, the polymorphonuclear leucocytes, 
with their haclerial lo.ids, are engulfed and digested by the fixed cells of the 
retieulo-endolhelial system 

The phenomenon of phagtKytosis, the engulfing by ameboid activity of for- 
eign particles of all sorts which happen to get into the tissues, was first de- 
seribcd by Mctchnikoff (i) in 1S85 In a senes of studies lasting throughout 
the greater part of his lifetime, this worker discovered most of the facts which 
we now have about ihis interesting group of cells It was recognized ejuite 
early that the .iclivity of phagocytic cells against foreign materials depended 
in large degree upon the fluid in which the cells were suspended When sus- 
pended in animal scrum, phageicytes were much more active than when in 
physiological saline solution The substance in scrum which was supposed 
to stimulate phagocytosis was given the name stimulin 

Denys and LeClcf (1895) showed that phagocytosis of streptococci was car- 
ried out eijuallv well bv the phagocytic cells of normal as by those of im- 
munized individuals In other words, it ss’as shown that immunization did 
not alter the phagocytes and make them more active as had formerly been 
supposed, but altered the stimulating power of the body fluids in which they 
were suspended Thus, in a particular immune scrum, leucocytes which were 
derived from normal individuals behaved precisely the .same as those which 
came from immune individuals These experiments were carried out tn vitro 
Denys and LeClef also concluded that the effect of immune serum on phago- 
cytosis was not in stimulating the phagocytes but rather in rendering the or- 
ganisms more susceptible to phagocytosis 
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Wright and Douglas (4) (1903) studied the mechanism of phagocytosis 
and It was from their studies that the greater part of our knowledge of this 
process was obtained Using a staphylococcus which was only slightly affected 
by the normal lytic power of serum, these authors found that this organism 
appeared to have little attraction for normal leucocytes when both were sus- 
pended in serum-free fluid or in normal serum which had been heated to de- 
stroy the complement In fresh, complement-containing normal serum, phago- 
cytosis of the organism was active, in fresh, immune serum, the process was 
greatly accelerated Assuming that the stimulating substance which was 
present in the normal serum was the same as that which had been increased 
by immunization, they concluded that it was an antibody, and gave it the 
name opsontn 

Experiments were conducted to determine whether opsonins affected the 
organism or the phagocyte When leucocytes were treated with immune 
serum, thoroughly washed, then placed in contact with the specific organism, 
little or no phagocytosis occurred When, however, the organism was treated 
with immune serum, thoroughly washed, then placed in contact with phago- 
cytes, active phagocytosis occurred From this it was deduced that the immune 
body (opsonin) affects the bacterium and not the phagocyte 

The opsonin which is present in normal serum is heat labile, quickly deteri- 
orates with age, and is removed by substantes which adsorb complement. For 
these reasons, it has been thought that normal opsonin was the same as com- 
plement This probably is not the case It seems prob.nblc that it is another 
substance which like amboceptors requires the presence of complement The 
antibody which 1$ produced by immunization is noi heat labile, although it 
also operates much better in the presence of complement iSeufekl and Rim- 
pau (2), who studied this problem practically simultaneously with Wright 
and Douglas, gave the name bactertotropin to the heat stable antibody. In 
common usage today, the term opsonin is usually used for both the normal 
and the immune agents 

The manner by which immune opsonin affects cells rendering them more 
susceptible to phagocytosis is presumed to be by coaling them with the anti- 
body globulin, thereby lowering the surface tension 

THE OPSONIC INDEX 

As a means of estimating the resistance of the body to certain infections in 
which immunity depends mostly upon phagocytosis, Wright (3) devised a 
technic for determining the “opsonic index.” Using special narrow elongated 
pipettes, he mixed emulsions of the specific bacterium, suspensions of phago- 
cytes from normal individuals, and serum of the individual under test, and 
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incubated the entire pipette after sealing. As a control, the second pipette was 
filled with the same bacterial suspension, the same leuccx:ytic suspension, but 
with normal serum, preferably a pooled sample from several supposedly nor- 
mal individuals After incubation, both pipettes were removed from the in- 
eubator, broken open, and the contents spread on slides in the form of smears. 
After the smears were stained, a careful examination was made of a large 
number (at least 100) of polymorphonuclear leucocytes, the number of or- 
ganisms engulfed by each cell being noted In this way, the average number 
of bacteria engulfed by the leucocytes was determined The ratio which ex- 
isted between the average number engulfed while under the influence of the 
serum of the patient to that which was engulfed by the s.ime suspension 
when under the influent e of ntirmal scrum, was termed the “opsonic index " 
Wright used the opsonic index to determine the dosage of vaccines The 
size of the in)ections was gauged so that the index remained above one If 
the doses were too large or were rejicatcd too frcqucntlv, the patient went 
into the “negative phase,” 1, e., the index became less than one, and this was 
considered harmful At the present time, the opsonu index is not considered 
to he of much value in clinical work An exception to this statement m.iy pos- 
sibly have to be made in Brucellosis or undulant fever of man, in which Hiitl- 
dleson claims that the opsonic index has diagnostic importance. This is 
discussed more fully on page 150. 
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CHAPTER VII 


HYPERSENSITIZATION, ANAPHYLAXIS, 
AND ALLERGY 


The subject of hypersensitizations has been studied by a great many work- 
ers, but in spite of this much controversial material about it exists. In the 
immune reactions, so far discussed, previous contact with antigenic sub- 
stances serves generally to lessen the sensitivity or susceptibility to them. 
Heightened resistance is the essence of immunity. In hypersensitiveness, we 
appear to have the exact antithesis of immunity. In spite of this, it is quite 
certain that the mechanism involved is the same as that which functions in 
immunity. 

The nomenclature in this field is confusing, all three words which appear 
at the head of this chapter being used for almost every manifestation of hyper- 
sensitivity. We shall use the word hypersensitizatwn in a broad sense to cover 
the entire subject without implications as to the mechanisms involved. Ana- 
phylaxis, allergy, drug hypersensitivity, and serum sickness, all are forms 
of hypcrsensitization Anaphylaxis is a type of hypersensitization which can 
easily be produced exiterimenully in certain types of animals and which, 
therefore, is fairly well defined Allergy includes types of hypersensitization 
which cannot readily be induced experimentally, and, for this reason, some 
have argued that allergy had nothing to do with anaphylaxis. Zinsser, admit- 
ting unexplainable differences between them, nevertheless feels that the many 
similarities that exist between them is sufficient evidence to regard all hyper- 
sensitivities as having a similar basic mechanism. 


Anaphylaxis 

Anaphylaxis is a type of hypersensitiveness which may readily be produced 
experimentally in a number of species of animals and which is certainly con- 
cerned with an antigen-antibody reaction. The condition can best be ex- 
plained by describing the essential experimental facts about it. 

When any foreign antigenic substance, which may be harmless in itself, 
is injected parenterally into an animal and a time interval is allowed to elapse 
thereafter (incubation period), an altered condition is established in the 

59 
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animal whereby a second injection of the same antigen may precipitate a 
train of symptoms which is known as anaphylactic shock The symptoms 
vary according to the species of animal concerned, the size of the shocking 
dose, and the mode by which it is administered The reaction is specific, that 
IS, It occurs only when the substance to which the animal has been sensitized 
IS reinjected 1 he symptoms of shock arc the same irrespective of the nature 
of the antigen to which the animal is hypersensitive 

Reactions which we now know were anaphylactic in nature were described 
from lime to time in the early literature It is said that Magendie described 
a typical anaphylactic shock in a dog which had received two injections of 
egg alliiimin as early as 1830 In 1894 Flexner (4) clearly described a similar 
situation, 

Hcricourt and Richct (5) (i8<;8) observed that repeated injections of eel 
scrum into dogs resulted 111 increascil susccjitibility instead of increased re- 
sistance as h.id been cxpcctcil. These authors coined the word anaphylaxis, 
meaning decreased resistance, as opjiosed to prophylaxis, which means in- 
creased rcsist.incc 

Artlius (1) observcil that when repeated injections of horse serum were 
made into rabbits the tolerance of the rabbits for this substance decreased 
The first injections were innocuous, hut later injections produced inflam- 
matory swellings and, if the injections were continued, the animals were 
killed This IS known as the Arthiis Phenomenon This condition of local ana- 
phylaxis has been dcmonsiraicd to occur only in the rabbit Several workers 
have faded to demonstrate it in guinea pigs and dogs A reaction similar to 
the Arthus phenomenon is occasionally observed in man 

Ihcobald Smith (1904) observed that guinea pigs which had previously 
been injected with dijihtheria antitoxin could be killed by injecting them sev- 
eral weeks later with a dose of antitoxin which was harmless for normal 
anim.ils I'dirlich w.is told of these observations and he had Otto, one of his 
students, sturly the matter thoroughly Otto found that the reaction was due 
to the horse scrum and had nothing to do with the dijihtheria antibodies 
which wire in it Otto referred to the matter as the 7 heobald Smith phenome- 
non Kosenau and .\iukrson (8) studied the reaction in guinea pigs which 
had been injetled with horse serum and did much to clarify the nature of 
the reaction Their first jiajicr apjiearcd in 1906 

Anaph\ lactic shock can be demonstrated readily in the guinea pig, rabbit, 
and dog, but is not so e.isily induced in apes, a fact which suggests that man 
probably is not easily rendered anaphylactic This is borne out by clinical 
experience Cattle may be rendered anaphylactic readily by the injection of 
horse serum. 
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SYMPTOMS OF ANAPHYLACTIC SHOCK 

In all animals, anaphylactic shock is manifested by a fall in blood pressure 
and by a subnormal temperature The most striking symptoms arc due to the 
effects upon the smooth muscles These symptoms vary in different animals. 

In the guinea pig, there is evidence of extreme respiratory embarrassment 
due to the contraction of the abundant supply of smooth muscles in the bron- 
chioles, and death is due to suffocation 

The rabbit does not show marked symptoms, as a rule, except those of col- 
lapse Death is due to heart failure The muscles of the pulmonary arteries 
cause constriction of these vessels, with blocking of the pulmonary circula- 
tion The right side of the heart is dilated by the back pressure. 

The dog shows epileptiform seizures, coma, and death after preliminary 
symptoms of restlessness, diarrhea, and vomiting The liver and intestines are 
congested 

Cattle show uneasiness, labored breathing, edematous swellings around the 
eyes, udder, anus, and vulva, and diarrhea Cattle seldom, if ever, die as the 
result of the shock. 

RECOGNITION OF THE ANAPHYLACTIC STATE 

The anaphylactic condition may be recognized in two ways, viz • 

(a) By the production of shock If the shocking dose is fairly large and is 
administered intravenously, death of a susceptible animal may result in 
a few minutes Smaller doses, or doses given by routes in which absorp- 
tion IS slower, may result in less severe reactions 

(b) By the Dale (3) method Virgin female guinea pigs are used for this 
work When ready for the test, the animal is destroyed and a piece of 
smooth muscle (a strip of the uterus) is removed and immersed in 
Ringer’s solution held at body temperature. After the strip has been 
connected with a kymograph needle, some of the protein, toward which 
the animal is supposed to be hypersensitive, is added to the Ringer’s solu- 
tion If the animal is anaphylactic toward the substance, the uterine 
muscle will exhibit its sensitiveness by contractions which will be re- 
corded on the kymograph drum. 

PASSIVE TRANSMISSION OF ANAPHYLAXIS 

True anaphylactic sensitization may be transmitted to normal animals by 
transfusing them with small amounts of blood or serum from the hypersensi- 
tive individual. The new individual does not become hypersensitive immedi- 
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ately, a few hours being required for this to take place Such individuals may 
be shocked and even killed by a small dose of the specific antigen. 

DESENSmZATION ANTUNAPHYLAXIS 

After an anaphylactic shock, animals arc desensitized and remain in this 
state for a considerable length of time Likewise, it is possible to forestall 
the development of the anaphylactic state by injecting large doses of the anti- 
gen before the expiration of the "jicriod of incubation” in which case desensi- 
tization (x;curs without the appearance of shock. Also, animals may be de- 
sensitized, without the production of acute shock, by the administration of 
the antigen over a period of considerable time in multijile small doses 

It already has tieen said that there is some doubt as to whether the anaphy- 
lactic condition, as we see it in some species of animals, ever occurs in man 
Crises similar in clinical .ippearance certainly sometimes occur in man, but 
It IS possible that their mechanism may be somewhat different However this 
may be. physicians usually inquire about evidences of hypersensitiveness in 
patients who are to receive doses of serum from other species of animals and, 
if It appears likely that a shock may occur, it is customary to divide the dose, 
giving minute amounts at first, waiting for possible unfavorable reactions 
before proceeding with the entire amount Small quantities injected intra- 
dermally usually will indicate hyjiersensitivencss by causing the development 
of a wheal, which quickly appears and just as quickly fades away 

Histamine shock will be referred to below. On the theory that this sub- 
st.ince IS the cause of anaphylactic shtKk, attempts have been made, appar- 
ently not wholly successfully, to destroy it by giving the patient who is receiv- 
ing the foreign serum a preparation which contains htstuminasc, an enzyme 
capable of destroying histamine 

MFCHANISM OF THE ANAPHYLACTIC REACTION 

The mechanism of the anaphylactic reaction is a matter which has been 
under investigation for many years and is still far from settled Two general 
theories have been advanced (a) The humoral theory, and (b) the cellular 
theory. There is general agreement that the reaction is a phenomenon of im- 
munity and that antibiKlies are concerned in it 

The humoral theory This theory was in favor a few years ago, but it has 
now lost most of its adherents The anaphyhtoxin theory postulated that the 
initial or sensiti/ing dose stimulates into existence an immune or protective 
mechanism. After this is fully working, a large dose of the specific antigen, 
when injected into the animal, is rapidly attacked by the immune bodies in 
the fluids of the body, splitting it up and releasing from it toxic split-protein 
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products. This explanation found support in the work of Vaughan and 
Wheeler (9), who obtained toxic products from the splitting of various pro- 
teins by chemical means tn vitro. 

The cellular theory This theory is now regarded as more plausible than 
the anaphylotoxin theory. It would be expected, reasoning according to the 
humoral theory, that the greater the concentration of antibodies in the cir- 
culating fluids of the body, the greater the speed and violence of the reaction 
when the shocking dose of antigen is introduced This, however, is not the 
case; in fact, when there is a large content of circulating antibody, anaphy- 
laxis almost never exists Furthermore, when serum from an anaphylactic 
animal is transferred to a normal animal nearly half of it disappears from 
the circulating blood wtthin an hour If, after this time, the animal is com- 
pletely exsanguinated, his blood being replaced by that of a normal animal, 
the first animal will be fully sensitized anaphylactically These facts and 
others point to the probability that anaphylaxis is due to sessile antibodies, 
1. e., antibodies which, in some way, are attached to tissue cells and do not 
circulate. In the presence of large numbers of circulating antibodies, these 
cells arc protected from antigen introduced, but when few or no free anti- 
bodies exist, the antigen reaches and injures the tissue cells There is only 
speculation as to the type of antibody concerned Many believe that there 
IS some connection between precipittns and anaphylactic sensitivity. 

HISTAMINE SHOCK 

The symptoms of anaphylactic shock can be reproduced very faithfully by 
injections of histamine This substance is derived by the decarboxylation of 
histidine which probably is present in every living cell One theory of anajihy- 
lactic shock is that the antigen-antibody reaction, occurring on cells, so sensi- 
tizes the cells that complement causes their chemical disruption thus releas- 
ing the histamine 

HAPTENS IN ANAPHYLAXIS 

Anaphylactic shock may be produced by injecting the polysaccharide of 
the pneumococcus The animals cannot be sensitized by this substance alone, 
however. Thus, haptens assume the same role in anaphylaxis as they do in 
other immune reactions. 

SERUM SICKNESS 

The term is used for certain phenomena which appear in man following 
the administration of therapeutic sera. It is a hypersensitiveness to the proteins 
of the serum, i e, generally to horse serum. The disease, except in very 
unusual cases is not serious, but is very distressing to the patient The symp- 
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toms usually appear in from 3 to 12 days after the dose of horse serum and 
consist of urticaria, joint pains, edematous swellings, fever, and sometimes 
glandular swellings, especially of the part where the injection is made The 
illness usually is of short duration In very rare instances the picture is of an 
entirely different character In these cases the patient collapses immediately 
after the injection, and dies 

There is considerable difference of opinion as to whether serum sickness 
IS a result of a previous sensin/ation In j great many cases, there is no history 
of any previous contact with horse serum When there has been previous 
contact with horse serum, in the form of previous prophylactic or therapeutic 
treatments containing horse serum, the incidence of serum sickness is con- 
siderably increased and the reactions usually come tin earlier and may be more 
severe They are termed accelerated reactions 

It shoultl he pointed out that anaphylactic shock is a condition which can 
hardly happen without the interfering agency of man Animals may be per- 
fectly protected by their immune mechanism against small doses tif the spe- 
cific antigen, .igainst tloscs as large as coukl enter under natural conditions, 
but may be even more vulnerable than usual to large doses of the antigen 
introduced artificially and suddenly. 

THE ANAPHYLACIOID REACTIONS 

When normal blood scrum is mixed with many inert substances, such as 
kaolin, talc, and barium suljihaie, it becomes markedly toxic after a brief 
period of incubation These poisonous scrums have been termed serotoxins 
The symjiloms produced by the injection of serotoxins arc very similar to 
those of anajihylactic shock, and at tine time it was thought that they might 
be responsible for it The idea has now been given up Ordinary commercial 
peptone likewise is capable of prtKlucing anaphylactoid reactions The mech- 
anism of these rc.ictions has not been satisfactorily explained. It has been 
suggested that some scrum component (such as antitrypsin) may be ab- 
sorbed, thereby uirsetling the normal balance of constituents and, as a result, 
releasing some toxic fractions Those who do not accept histamine as the true 
cause of anaphykictic shock would include histamine shock under the head- 
ing of anaphylactoid reactions 


Allergy 

Apparently closely related to anaphykaxis is a long series of hypersensitiza- 
tions which (Kciir among peojile and, to a lesser extent, among animals By 
common usage, this type of hypcrsensitiveness is called allergy The majority 
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of substances toward which this type of hypersensitization is manifested are 
proteins or contain protein, but some of them like drugs such as iodoform 
and quinine are not in this category The fact that nonantigenic substances 
often figure in allergy has caused many authorities to differentiate it from 
anaphylaxis, yet it must be remembered that haptens react in immune reac- 
tions and also that it is possible that nonantigenic substances may, in the body, 
attach themselves to proteins, thus forming complexes which could function 
as antigens, as in the artificial antigens of Landsteiner and others 

A striking feature of these idiosyncrasies is that, in general, ilie symptoms 
are similar no matter what the nature of the inciting agent, and that these bear 
no relation to the pharmacologic action of the substance in question 

In man, and possibly also in animals, allergy often is manifested by local 
rather than by general reacfons Certain plant pollens and other substances 
in suspension in the air when inhaletl will cause coiy/a (hay fever) or asthma 
in hypersensitive persons Certain fiKids will cause diarrhea and vomiting or, 
more commonly, skin diseases of an ec/ematoiis nature In some persons, 
contact with certain substances which are innocuous to most pcojilc will cause 
severe dermatitis The range of substances which elicit allergic reactions in 
people IS very large, there being hardly any eommonlv used frKid substance 
which has not been incriminated 

Very little is known about .illergie reactions in animals except those which 
occur as a result of bacterial infections Eczematous eonditions of the skin of 
dogs arc very common, especially during the summci months and it is sus- 
pected that some, if not many, of these cases are manifestations of food allergy 
Pomeroy (6), in tine such case, showed that the animal was hvpcrsensitive 
to substances found in canned salmon Rather typical symptoms of “bay fever” 
have been seen in dogs, the coryza and swelling of the mucous membranes 
occurring annually during the pollen season In horses, a condition known as 
heaves is quite similar in many ways to asthma in man, and it is possible that 
Its etiology is similar 

Idiosyncrasies of the type which we arc discussing have not been experi- 
mentally produced In man, they develop naturally, sometimes rather late in 
the life of the individual In some families, allergic individuals occur more 
commonly than in others, suggesting that hereditary factors are concerned 
Zinsser believed that allergy was not of itself snhcritable, but rather a predis- 
position to develop such conditions In families in which such cases are fre- 
quent, one individual may be hypersensitive to butter, another to potatoes, 
another to rose pollen, another to lobster, and so on. It is not usual fur hvper- 
sensiiization to the same substance to appear in more than one individual in 
the same family. 
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No antibodies can ordinarily be demonstrated in the blood of allergic per- 
sons, although, as has been pointed out above, this does not exclude the possi- 
bility that the condition is concerned with antigens and antibodies Some 
lessening in the degree of hypersensitization may be brought about by injec- 
tions of extracts of the provoking substance in many instances, but complete 
desensiti7ation as is seen in anaphylaxis cannot ordinarily be accomplished 

On the other hand, it can be demonstrated that there is a reaction between 
some substance in the serum of hyjiersensiiive persons which will react with 
the inciting substance This is seen when extracts of the inciting substance are 
injected intradermally Normal persons usually give essentially no reaction at 
the injection site, allergic individuals react with a reddened, inflamed area. 
This reaction is utili/a-d clinically to determine what substances arc concerned 
in the hypersensitive state 

That a reacting substance is present in the serum of hyjicrscnsitive jsersons 
IS indicated more clearly by the passive sensitisation of the skin of a nonsensi- 
tive individual by the injection of a small amount of scrum from a hyper- 
sensitive one If a small cjuantity of scrum from an allergic individual is 
injected into the skin of a normal one and, twenty-four hours later, an extract 
of the inciting substance is injected into the same site, a typical inflammatory 
reaction will result T he reaction will not be seen if the s.imc extract is in- 
jected into the skin of other parts This reaction has been called the Prausmtz- 
Kuitcr (7), or V-K, phenomenon, taking its name from the discoverers of 
the reaction 

Coca (2) calls the inciting substances of these allergies atopen>, and the sub- 
stances which react with them, atopic realms He docs not believe that these 
agents arc antigens and antibodies but others look upon atopens as haptens, 
and reagtns as antilxidies. 


Hypersensitization in Bacterial Infections 

Hyperscnsttization to bacterial proteins and jmssibly other fractions of bac- 
terial protoplasm, incited by the presence of the causative organism in the 
tissues, commonly occurs in the course of infectious diseases The tuberculin 
reaction is the classic example of bacterial allergy. Others are the mallein 
reaction in glanders, the brucellin reaction in undulant fever, the johnin re- 
action in paratuberculosis, and the typhoidin reaction m typhoid fever. Al- 
lergic reactions of this type are inflammatory in nature The allergic state may 
be detected by injecting whole cultures, culture extracts, or culture flltrates 
into the dermis of the skin, the subcutaneous tissue, the peritoneal cavity, the 
blood stream, or even by placing some of the inciting agent into the conjuncti- 
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val sac Allergic individuals react to the skin tests by the development of in- 
flammatory swellings at the points of injection, to the ophthalmic tests by 
inflammation of the conjunctival mucous membrane, and to the parenteral 
tests by the development of fever, chills and symptoms of general illness which 
usually disappear after a few hours Since the allergic tests are specific, they 
have diagnostic value Generally sjieaking the allergic tests are positive only 
in the presence of active or latent infections Bacterial allergy cannot be pas- 
sively transferred and it is not easily induced by the injection of dead cultures 
or of culture extracts. 
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CHAPTER VIII 


THE ISO-ANTIBODIES 


Early in the study of immunological reactions, the question arose as to 
whether or not an animal might produce antibodies against antigens con- 
tained in his own body It was suggested, for example, that when blood cells 
escaped into tissues in the course of hemorrhage, the tissues might produce 
hemolytic antil)(xlics If this should happen it would be easy to see how a 
condition of chronic or pernicious anemia might develop as a result of blood 
destruction by the new antibody 

The first to investigate the matter were Ehrlich and Morgenroth (5) who 
in|CCted bliKid cells of ceriain goats into other goats In some cases the serum 
of the recipient dcseloped hemolysins which were active against the blood 
cells of the donor Such sera w'ere actively hemolytic for the blood corpuscles 
of some other goats, and did not effect those of still others In no instance, 
however, sverc the blood corpuscles of the recipient affected by its own hemo- 
lysins In other words, auto-aiitib<Klies were not developed by these workers 
and they have not been dcmonslraietl by any subsequent workers That anti- 
bodies could be developed for antigens derived from other individuals of the 
same spcciis was, however, proved Later it was learned that such anti- 
bodies (’) existed normally in some s|xxics of animals 

Antibodies which arc cffcctisc against antigens from other individuals of 
the same species are known as ito-anubodtcs From a practical viewpoint, the 
most important of the iso-antiliodics are the i^o-agglutinins and the iso- 
hemohiitis 1 htse antibodies are of interest, and of legal and clinical impor- 
tance in man It is known, also that siieh antibodies exist normally in some 
species of animals and can be prtiduced cxpcri menially in others The blood 
greiups of man arc dependent upon the distribution of isu-hemagglutinins 
among the population 

The Human Blood Groups 

The human blood groups were discovered by Landstciner (10) in 1901 
Originally it was found that a limited group ol human beings could be pkiced 
into three groups according it) the behavior of their blood cells in the presence 
of sera of other individuals Later a fourth group was found. 
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The behavior of human erythrocytes when mixed with serum of other in- 
dividuals can be explained by assuming that two antigens (factors), which 
have been designated A and B, arc present in human hlood corpuscles, some 
individuals having one, some the other, some both, and some neither Also 
present in man are the corresponding agglutinating factors which are desig- 
nated a and b Like the antigenic factors these are distributed among people 
in all possible combinations, but never are the homologous antigens and anti- 
bodies found in the same blood When sera containing one, or the other, or 
both, agglutinins come in contact with the corpuscles containing the homolo- 
gous factor or factors, the corpuscles are agglutinated and sometimes, hemo- 
lyzed 

The blood groups of man are designated by the factor or antigen contained 
in the corpuscles Thus the following groups are recognized 
Group O Contains neither the A or B antigen Agglutinins a and b arc pres- 
ent in the serum 

Group A Contains the A antigen m the corpuscles Agglutinin b is present 
in the scrum 

Group B Contains the B antigen in the corpuscles Agglutinin a is present 
in the serum 

Group AB Contains both A and B antigens in the corpuscles. No agglutin- 
ins arc present in the serum 

Since agglutination will take place when two bloods are mixed when one 
contains the corpusculai antigen and the other the corresponding scrum anti- 
body, disastrous results may occur when blood transfusions are made with 
such incompatible bloods The followmg table indicates how the several hu- 
man blood groups interact 
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COMPATIBILITY TESTS 

Before a blood transfusion is done on man, a preliminary test should always 
be made in which the corpuscles of the donor are tested with the serum of 
the recipient. It is well also to test the scrum of the donor against the corpus- 
cles of the recipient, although this is not of as much importance as the pre- 
ceding test for reasons that will be given later. It is obvious from what has 
already been said that unless the donor and recipient are members of the same 
blood group, there will be agglutination one way or the other For this reason 
an effort always is made to find a donor of the same blood-group as the recipi- 
ent. If such a donor is not available a transfusion generally can be made 
safely with a donor whose scrum agglutinates the corpuscles of the recipi- 
ent, for the reason that the amount of bhxxl introduced is rather small com- 
pared with the blood volume of the recipient and the agglutinins are so di- 
luted that ordinarily they do not cause trouble The most important thing 
to guard against is that the corpuscles of the donor are agglutinated by 
the recipient's blood, for these come in contact with concentrated agglutinin 
and arc apt to clump, forming intravascular clots and perhaps causing sud- 
den death, or at least severe reactions 

Individuals of Group O are frequently called universal donori for the rea- 
son that their corpuscles are not agglutinated by the sera of any of the groups 
The fact that Group O individuals always have agglutinins in their sera 
may be ignored, in emergencies, for the reasons stated above Accidents some- 
times happen when universal donors arc used for transfusions into individ- 
uals of other groups because stimctimcs the agglutinins are |)resent m unusual 
concentration in which case they arc not wholly inactivated by the dilution 
which occurs. It is best always to use homologous donors when they are avail- 
able. 

The possibilities of safe transfusions among groups is indicated in the fol- 
lowing simple diagram. 



O 

Interesting racial studies have been made on the basis of blood-groups. The 
Hirschfclds (7), working in the Balkan countries where there is a very great 
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mingling of racial types, showed that the several racial stocks differed con- 
siderably in the incidence of the A and B factors. The races can be divided 
roughly into three groups. The A B ratio is highest among Nordic types, is 
intermediate among such races as the Japanese, Arabians, Russians and Jews, 
and IS lowest among African negroes and some of the Asiatic races The 
situation can be seen in the following table of the percentage population of 
several typical groups which fall into each of the four blood groups. 


TABLE V 



Group 0 

Croup A 

Group B 

Group AB 

English . . . 

45 4% 

43 4% 

72% 

30% 

Turkish 

368% 

380% 

186% 

66% 

African negro 

43 2% 

226% 

29 2% 

50% 


INHERITANCE OF BLOOD GROUPS 

The factors A and B are not limited to the blood corpuscles but may be 
found in all cells of the body They are somewhat variable very early in life 
but after the human infant is a few months old his blood type becomes estab- 
lished and cannot be influenced by disease or medication They arc present in 
the newly formed cells of tumors and are transmitted through the germ plasm 
to the progeny 

That blood groups were heritable was first shown by von Dungern and 
Hirschfeld (4) who demonstrated that the corpuscular factors were dominant 
over the serum agglutinins and that the distribution of these factors among 
offspring could be c^plalned by the formula of Mendel It was their belief that 
the four groups were inherited as two pairs of independent faeiors, Aa and 
Bb, with the corpuscular factor dominant in each case Later it was found 
that this explanation did not properly account for the distribution of the 
several groups among men, particularly the rather rare group AB Bernstein 
(2) restudied the matter and decided that the distribution of the factors indi- 
cated that they were not inherited as had been previously thought but as triple 
allelomorphs, A and B being dominant to R, the allelomorph which deter- 
mines O. From the mating of an A individual with a B, the offspring may be 
O, A, B, or AB Two B individuals cannot produce offspring with the A fac- 
tor; they are limited to B and O When either parent is an AB, the offspring 
can be A, B, or AB, but never O, When either parent is an O, the offspring 
cannot be an AB. 

Blood groups occasionally have medico-legal significance in questions of 
determining the legitimacy of children or in other questions of disputed 
parentage. Because of the great number of possibilities involved, it is not pos- 
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sible to identify positively the parents of a particular child through determina- 
tion of their bkxxl groups, or even to identify the second parent when one 
IS known It is possible in such cases, however, to exclude certain individuals 
For example, if a child was found to belong to the A group and his mother 
to the O, the father could not have belonged to the O or B groups because he 
must have supplied the A factor He could only he an A or an AB 
In recent years certain subgroups, designated />; and n have been identi- 
fied among the four primary groups described above Through utilization of 
these It IS [xissiblc to narrow the possibilities of clnld-parent relationship iden- 
tification and thus to increase the usefulness of the method 


Blood Groups m Domestic Animals 

It has already been pointed out that the first work on iso-antiliodies was 
done by Ehrlich and Morgenroth on goats, htnee it has been known from the 
beginning that group antigens existed in this species Later workers have 
demonstrated the presence of group antigens in sheep, cattle, horses, swine, 
dogs. c.its, ducks, and chickens It seems quite likely, in fact, that they exist in 
most, if not all, animal species In apes the same group antigens and antibodies 
exist as in man In the other anim.ds the antibodies either arc not norm illy 
present or they exist in very low concentration 1 his fact makes it possible to 
carry out single transfusions safely and indiseriminately within the species, 
without the formality of making compatibility tests 

Blood groups in animals usually become evielent only when repeated trans- 
fusions are made Between some individuals of the speeies repeated trans- 
fusions mav be carried out without untoward results In other eases, howtver, 
severe and even fatal reactions may occur on the second or subsequent trans- 
fusions from the same animal, apparently as the result of the formation of 
immune iso-hemolysins This happens in dogs Wright (17), and Melnick 
and Cowgill (11) who were studying plasma regeneration in dogs found that 
oecasional animals reacted violently to second or later transfusions from a 
single dog when they had ntit reacted at all on the first transfusion These 
animals showed muscular tremors, s’omiiing, bloody diarrhea, )aundice, 
hemoglobinuria, and signs of profound shock Melnick and Cowgill report 
that the symptoms of shock are similar to those of anaphylaxis, eyen to the 
extent of being partially alleviated by intracardial injections of adrenalin The 
symptoms, of course, are largely those associated with massive red cell de- 
struction 

Ottenberg and Thalhimer (12) reported the development of immune iso- 
agglutinins and iso-hemolysins in cats as a result of repeated transfusions The 
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cats showed no unfavorable reactions as a result of these antibodies except 
the development of hemoglobinuria Kaempffer (il) divided swine into three 
groups according to the antigens and antibodies present Only one antigen, 
designated A and one antibody homologous to this antigen and designated 
a, were identified One group was characterized as Ao, another Oa, and the 
third Oo Szymanowski and Frendzel (14) reported that anti-hog cholera 
serum often contained high concentrations of a agglutinins, probably because 
of the hypenmmumzation of Oa animals with blood from those of the Ao 
group 

Ferguson (6) claims to have identified seven different immune isolysins in 
cattle produced by repeated transfusions and he believes that there are many 
more He states that the behavior of these antigens suggests that each is con- 
trolled by a single gene and suggests that it may be possible to use immune 
isohemolysiiis as a means of proving breeding lineage in cattle In some of the 
cattle which were being injected a second or third time, anaphylactic-like 
symptoms appeared These consisted of muscular trembling, dyspnea, saliva- 
tion, lachrymation, depression, and hcmaglobinuria After two to four hours 
there often was a rise in temperature to 104° F. or higher. All of his animals 
recovered 

Iso-antigens and immune antibodies have been studied by .Schermer and 
Kaempffer (13) m horses, by Andersen (i) in sheep, by Keeler and Cistle (9) 
in rabbits, by Wiener (15) in fowls and by Boyd and Alley (3) m fowls, to 
mention only a few of the more recent studies. 
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TABLE VI 

METHODS OF PRODUCING AN ARTIFICIAL IMMUNITY 
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THE PATHOGENIC BACTERIA 




CHAPTER IX 


THE STREPTCX:OCCI 


General Characteristics 

Morphology and Staining Properties. The group of cocci that characteristi- 
cally develop into chains resembling strings of beads, arc known as strepto- 
cocci. The chains may be short (diploctxrci) or they may be very long. Cham 
length depends upon species diilerenccs and upon the medium upon which 
the culture is growing. Typical chain formation is best seen in fluid media; 
on solid mediums the ch.iins become so entangled that their demonstration is 
impossible 

The individual cells of streptococci are seldom perfectly spherical, and fre- 
quently there is considerable variation in the size and shape of the elements in 
a single culture Sometimes the cells are fl.ittened from side to side, more often 
they arc elongated Spores arc never formed With rare exceptions they arc 
non-motile A number of species form definite capsules when developing in 
tissues or in culture media containing bkxid serum Such strains form colo- 
nies which are mucoid and differ in appearance from those of the majority of 
streptococci 

The great majority of streptococci are Gram-positive In old cultures many 
Gram-negative forms are commonly found They are easily slanted with all 
the usual dyes. They are never acid-fast. 

Cultural Features. All streptococci produce small, delicate, translucent colo- 
nies of a diameter of about i mm on solid media Heavy inoculations give 
confluent growths that arc nearly tiansparent Their surf.iccs are smooth and 
glistening and the margins of individual colonies are perfectly circular Deep 
colonies in agar usually are lenticular in shape In softer media they may be 
globular In size they may be hardly large enough to lie easily visible with 
the naked eye Usually there is no growth on potato When growth is ob- 
tained on gelatin, it consists of a string of delicne beads along the line of the 
stab, with little or no growth on the surface, and in most cases without evi- 
dence of liquefaction. 

In fluid media growth usually is a little more abundant than in solids. In 
broth there may be a faint cloudiness or the medium may remain perfectly 
clear except for a fluffy sediment in the bottom of the tube The appearance 

77 
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usually gives an accurate clue as to whether the coccus is growing in shoit or 
long chains; the short-chain type causes uniform cloiuling, whereas the long- 
chain type quickly setlimints All strcptiKOCci grow well 111 milk With few 
exceptions the milk is soured through the formation of 1 letic acid from the 
milk sugar 

Sugars are fermcnicd bv all strept<x:occi The end product is largely lactic 
acid Gas IS produced bv only a few streptococci and by none of the types that 
are of importance in pathology 

Physiological Characteristics. The growth range of sticiitococci varies from 
below 10° C to aliove 45° C The pathogenic tvpcs have a much narrower 
range than this 

Ihe resistance of streptococci to heat is not gieal The pathogenic types are 
usually killed by tem|K 1 attires well bclou those used for pastcnri 7 ation (about 
6 i°- 62° C for 40 minutes) It is well known, however, that the milk-souriiig 
types arc not wholly dcstroved by paste uri}',ii ion, and some of the intestinal 
types have rather unusual resistance Likewise, the resistance to drying and 
to chemical disinfeetion is not very grc.it as a rule However, when cultures 
are rapidly and completely dried, they often lemaiii vi.ihle for very long pcri- 
ikIs of time, hence it is possililc that streptoeocci withstand drying better than 
IS generally supposed. 

Habitat. The streptococci arc found on the mucous membranes of men and 
animals, in various suppurative processes in these hosts, and in milk and milk 
products. It is frequently said that these organisms prineipally exist as animal 
parasites Stark and hherm.in, however, h.ive found the Strip lactu on grow- 
ing vegetation, and this raises the eyuestion of whciher these organisms may 
not occur more eoinmonly on plants than it has been hitlierto supposed All 
streptococci grow much more luxuriantly on artifiti.il media when blood se- 
rum or tissue extracts are added Ihis suggests that they are better adapted 
for a parasitic than a saprophytic existence. 

DIFFERENTIATION OF THE STREPTOCOCCI 

Suite 1S84, when Roscnbach (16) describeil Strep pyogenes, the importance 
of certain streptococci in pyogenic processes of man has been known. The 
differentiation of other sireptoeotci, howexer, always has been difficult, and, 
indeed, the identification of Strep pyogenes itself when it was not associated 
with characteristic suppurative processes When morphological features were 
recognized as inadequate for differentiation, feimcntatisc characteristics were 
examined Although a very large amount of work is'as done, fermentation 
tests likewise proved inadcejiiaie when applied to streptococci in general. Cer- 
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tain of these tests have value, however, in differentiating between types that 
have been grouped together by other tests applied primarily. The most useful 
differential test for the streptococci is that introduced by Schottmullcr (17) 
in 1903, which depends upon their action on blood cells (erythrocytes) . 

I. Action of Streptococci on Red Blood Cells. According to their action upon 
erythrocytes of animals, all streptococci may be placed in one or the other of 
the following classes 

(a) The Hcmolvtic Group includes those which form a soluble hemolysin 
which causes the freeing of hemoglobin from erythrocytes 

(b) The Vtndans Group includes those that cause an altcr.ition of the hemo- 
globin, without freeing it from the cells, in the course of which its color 
IS changed through various shades of green to a grtenish-black. 

(c) The Anhemolyttc Gtoiip includes those that cause no noticeable change 
in erythrticytcs. 

Smith and Ilrown (19), pointed out that under certain conditions strepto- 
cocci belonging to the Vindans Group would cause hemolysis of blood cells, 
and, therefore, thought it best to rename the groups 1 hey suggested the use 
of the first three letters of the Greek alphabet as designations Their Alpha 
Group IS the Vindans Group of Schottmuller, the Beta is the Hemolytic 
Group, and Gamma designates the Anhemolyiic Group Both systems of 
nomenclature are used 

THE BLOOD SOAR PLATE The identification of the giotiping is generally done 
on the blood agar plate From five to ten f>cr cent of sterile, defibrinated horse, 
rabbit, or human blood is added to the melted and cooled nutrient agar just 
before it is poured into the [date Streak plates often are used, but it is better 
to use poured plates and to base the classification upon the deep rather than 
the surface colonies 

Colonies of the Alpha or Vindans Group at the end of 18 to 24 hours’ incu- 
bation at 37° C show a slight or marked discoloration of a narrow zone of 
blood cells immediately surrounding the colony The discoloration is easily 
seen with the naked eye Under the microscojie it can be seen that the erythro- 
cytes in the discolored zone are intact If the incubation is earned on for a 
longer period, and especially if the incubation continues at room temperature 
or lower, a clear zone appears outside the greenish area. Under the micro- 
scope It may be seen that the blood cells have dissolved The cells in the dis- 
colored zone remain intact, however, no matter how lung the incubation is 
continued. 

Colonies of the Beta or Hemolytic Group show no discolored zone under 
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any circumstances. As soon as they begin to develop, solution of the blood cells 
about the colonics appears After i8 to 24 hours’ incubation, the minute colo- 
nics have develo[)cd clear, transparent zones about them from i to 3 mm. in 
breadth Under the mitroscope these zones appear perfectly clear; no intact 
blood cells can be found in them. 

Solution of the erythrocytes occurs because of the production of a soluble 
hemolytic subsiaiice which is produced by the organisms in greatest abun- 
dance during the period of loga- 
rithmic increase. It may be demon- 
strated by adding a washed blood 
cell suspension to a broth culture 
from 4 to 15 hours old — the cells 
are lysed within a few minutes 
Older cultures show reduced or no 
activity The hemolysis which is pro- 
duced by organisms of the Alpha or 
Viridans group is not of this char- 
acter In this case it is probable that 
It IS due, in part at least, to hcmolyz- 
ing concentrations of acid 
The terms hemolytic and non- 
hemolytic continue to be used in con- 
nection with streptococci not with- 
out considerable confusion Most 
authors consider all streptococci, ex- 
cept those of the Beta group, as non- 
hemolytic This usage will be fol- 
lowed here Certain non-hemolytic 
organisms of the Alpha type produce little discoloration, especially if the basic 
agar medium contains little fermentable sugar, or if the plates are incubated at 
a temperature below ^7° C In these instances the secondary solution of corpus- 
cles always exhibited by Alpha type organisms may closely simulate the Beta 
type of hemoivsis The cleared zones m these instances are not usually so clear 
as those of Beta organisms, however, and young broth cultures contain no 
hemolytic substance 

a. Limiting Hydrogen Ion Concentration (for Hemolytic Streptococci). 
Avery and Cullen (i) early called attention to the fact that hemolytic strep- 
tococci of human origin growing in the presence of fermentable sugar will 
seldom carry the pH beyond 50, whereas the majority of strains of bovine 
origin will carry it to pH 4 5 or 4 3. 



i u. t .SiroptduKcus of the Alpha 1 yjit 
on a Blooil Ajr.ir Plate This plaie had liccn 
incubated 48 hours at yy° 0 1 he colony ap- 
pears in the center, surrounded bv a wiele 
zone in which the blood cells ire discolored 
blit arc intact 1 he color ot this zone is green- 
ish Beyond the greenish zone is a narrow 
zone ol pariully lienioly/ed cells x to 
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3. Hydrolysis of Sodium Hippurate (for Hemolytic Streptococci). Ayers 
and Rupp (2) pointed out that hemolytic streptococci of bovine origin would 
break down sodium hippurate, whereas those of human origin would not. It 
appears to be true that cultures of human origin never attack this substance, 
but Edwards has shown that some bovine stniins, as well, do nut. As a matter 
of fact, this test is practically specific for certain streptococci associated with 
bovine mastitis (Strep agalactiae and Strep uheris) 


4. The Fibrinolytic Test (for 
Hemolytic Streptococci). Tillett 
and Garner (20) (1933) de- 
scribed a reaction which appears 
to be valuable in differentiating 
hemolytic streptoccKCi which 
.ire human pathogens Young 
cultures in broth (or filtrates) 
are mixed with oxahited hum.in 
plasma A clot is then formed 
by the addition of calcium chlo- 
ride Most organisms belonging 
to Lancefield's Group A will 
liquefy this clot in a very short 
time, usually within ten min- 
utes in a water bath at 37° C 
With very few exceptions, strep- 
tfxrocci of other groups will not 
liquefy the clot at all, or only 
after a long incubation period. 



Fic 4 StrcptococLUS of the Beta 7 ype on a 
RIcxxl Agar Plate This plate had been intubated 
about 36 hours at 37® C The two colonits arc 
surrounded by /ones in whith the red blood 
cells have apjiarcntly disappeared To the naked 
cyt the licmoly/cd zones apptai much sharper 
than in the phouigraph x to 


5. Lancefield’s Serological Method (for Hemolytic Streptococci). In 1933 
Lancefield (g) (1933) described her method of differentiating hemolvtic 
streptococci This method probably is the most accurate that wc now possess. 
The method consists of the u.se of the precipit.nion test The antigens are ex- 
tracts of cultures prepared with hot, dilute hydrochloric acid The antigen is 
carbohydrate in nature, similar to the “residue antigens" or “specific soluble 
substances” (S S S ) which give immunological specificity to the types of 
pneumococci In her first study, Lancefield differentiated five types of strep- 
tococci which she designated as Groups A, B, C, D, and E. Later, three addi- 
tional groups, F, G, and H have been recognized, and others probably will be 
found 

In her first study, all cultures of human origin fell into Group A, Group B 
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consisted of bovine strains for the most part. Group C came from a variety of 
animals, Group D from cheese, and Group E from milk Later studies have 
shown that stime human strains fall into groups other than A, but there is 
little evidence that these strains arc |>athogtnic, or numerous It appears to 
be true that all of the organisms which concern public health workers belong 
to Group A. 

6. Fermentation of Carbohydrates. Many carlvihydrates have been used by 
workers in attempts to differentiate streptococci Little progress was made. 



Fic 5 Stuptocoicus eqm ('tilomcs on a BIixkI Agar Platt The colonics are seen as 
minute points surrounded by wide /ones of Bela type hemolysis Reduced one third 

however, until fermentation tests were relegated to a secondary role Their 
value appears to be in differenltating between organisms which arc grouped 
together on the basis of either characteristics Thus, a certain fermentation 
may have great value in differentiating iKtw’eeii closely related hemolytic 
organisms, but have none at all when applied to organisms of another 
group 

In the differentiation of mastitis streptococci from others frequently found 
in milk, the fermentation of esculin has been very useful. The organisms of 
mastitis do not attack this substance, whereas most other streptococci, likely 
to be found in milk, do. Edw ards recommends the medium of Harrison and 
Vanderlek which is a 2% peptone solution in which 0 5 gm each of esculin 
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and iron citrate scales are dissolved The splitting of esculin is indicated by 
a blackening of the medium 

7. Tolerance Tests. Sherman and his students (iS) (1937) have found that, 
in general, the streptococci of the "enterococcus” group are much more resist- 
ant to various influences than organisms, otherwise similar, which belong to 
the pyogenic class The enterococci, for evample, will grow at temperatures 
as low as 10° C. and as high as 45“ C. tlicy will grow in media which con- 
tain 65% sodium chloride, they will grow m exceedingly alkaline media 
(pH 96), they will grow in milk containing as much as o i per cent methy- 
lene blue, and they generally will survive heating to 60° C for 30 minutes, 
whereas the maiority of other stieptococci art unable to endure these condi- 
tions 

8. Miscellaneous Tests. Other tests used for the differentiation of strepto- 
cocci arc (a) production of ammonia from peptone, (h) liquefaction of 
gelatin, (c) hydroly/alion of starch, (d) growth in the iircscnce of 10 to 40% 
bile, (e) curdling and reducing power in milk, (f) virulence for animals, 
especially rabbits 

In a recently published monograph, Sheiman (18) (19^7) has undertaken 
to classify streptococci upon the basis of a series of physiological tests 1 he 
.accompanying table is a composite from several t.iblcs given in this paper. 
This t.iblc includes a number of groups and species which quite certainly arc 
not pathogenic, but they are included here, nevertheless, because one often 
encounters them when pathogenic forms are sought It will be noted that all 
hemolytic organisms fall into the first gioup, except two types, which are 
placed in the enterococcus group Since a soluble hemotoxin cannot be demon- 
strated in fluid cultures for the last mentioned although a definite hemolysis 
occurs on blood plates, the question may be raised whether they really belong 
to the Beta group of Schottmullcr On the other hand, the hemolytic strength 
of Strep agalactiae usually is w eak and often wholly absent, and the question 
can be raised in this instance whether the organism really belongs to the Beta 
group The classification, however, undoubtedly will be useful until increas- 
ing knowledge causes a realignment of the groups In this classification most, 
if not all, of the forms pathogenic for man and animals are included in the 
first (pyogenic) group 

The Hemolytic Streptococci 

STREPTOCOCCUS PYOGENES 

This organism is generally regarded as the type species of this group. It 
was isolated and described b;^ Rosenbach (16) in 1884 It long has been recog- 
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ni 7 ed as the cause of a senes of malignant suppurative infections in man 
which frequently terminate m septicemia 

Streptococcus pvogenes is the specific name for a group of organisms not 
wholly identical but having in common the Group A carbohydrate of Lance- 
field Griffiths has demonstrated at least 24 types within the group All of 
them are Beta hemolyiic, and all of them produce a soluble hemolysin All 
of them are possessed also of a substance which is destructive to phagocytes 
(leucoctdin) and apparently all of them produce in varying elegrec a toxin 
which causes inllammaiioii when injected mto the human skin (erythi ogemi 
toxin") Strains are found in the throat and naso-pharynx of a considerable 
percentage of apjiarcntly normal people They arc also found in tonsillitis, 
sore throat, otitis media, pucrper.il fever, scarlet fever, erysipelas, broncho- 
pneumonia, W'ound infections, and other conditions of man In epidemics of 
sore throat caused by this organism, some individiiak may exhibit the skin 
rash which is characteristic of sc.irlet fever, whereas many others do not. In 
other outbreaks, practically all m.iy exhibit the rash This probably depends 
upon individual susceptibility in the first instance and upon esjiccially virulent 
strains possessed of .in iiniisu illy strong erythrogtnic toxin in the second. 
When the skin manifestations are prominent, the cases are di.ignoscd as scar- 
let fever, when the skin manifestations art absent the condition is termed 
septic sore throat 

So far as is known, Sueptococcu-. pyogenes jil.iys .1 small role in infections 
of the domestic animals Many of the supposed infections with this organism, 
which have been described m the (last, aic now known to be due to other 
types of hemolytic slrejHococci belonging to the L-incefield Group C. Stiepto- 
coccus pyogenes occasionally invades the uildcr of cattle, as a result of con- 
tact with human beings (generally milkers) who are suffciing from sore 
throat, or have the infections on their hands In the milk cistern of the udder 
the organism is capable of multijrlicaiion, as a result of which inflammation 
(garget or mastitis) is produced. 1 he milk from such cattle sometimes causes 
large outbreaks of scarlet fever or septic sore throat, if it is marketed m the 
raw state It must not be supjioscd, howcvci, that bovine mastitis alw'ays is 
dangerous to man This quite common condition is usually due to organisms 
belonging to LancefielU's Group If which are not know'ii to have any disease- 
producing power for man 

STREPTOCOCCUS AGALACTIAE 
Synonym Streptococcus mastitidis 

This organism causes the majority of all cases of bovine mastitis or garget. 
It may be found in the udder of one or many cows in a large proportion of 
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all dairy herds the world over Some workers have claimed that the organ- 
ism exists in normal udders 1 his probably is not true What constitutes a 
“normal” udder depends upon the clinical acuity of the observer It is true that 
It often may be found in the secretion of udders so little changed as to pass 
for normal milk, and the infected udders sometimes are so little altered that 
the abnormality escapes detection. 

Morphology and Staining Reactions. In the secretion from infected udders, 
Streptococcus agdactiae usually appears in the form of long chains In some 

samples these are numerous and 
easily found in stained films, in 
other cases, even though the 
milk may be markedly altered 
in appearance, the organisms 
may be so scarce as to be found 
with great difficulty 1 he or- 
ganism IS Gram-positive and is 
readily stained by all of the or- 
dinary stains 

Cultural Features. It will be 
noted in the table on page 84 
that this organism resembles 
Streptococcus pyogenes quite 
closely In morphology and tn 
Its growth characteristics on or- 
dinary culture media the or- 
ganism cannot be distinguished 
from It On blood agar, how- 
ever, the hemolytic power of 
Strep agalttcttae is much more 
limited, and variable The most aaively hemolytic strains produce hemolytic 
zones not more than i mm broad Many strains produce only a suggestion 
of hemolysis on blood agar plates, and others produce none whatsoever. 
Some strains produce a suggestion of greenish discoloration without hemo- 
lysis on blood agar plates. 

Growth m serum broth is granular or flocculent, the growth appearing in 
the bottoms of the tulics, the remainder of the broth remaining clear. Litmus 
milk, incubated at 37° C is acidified and coagulated within 48 hours. There 
IS slight reduction of the litmus at the bottoms of the tubes. At 10“ C. there is 



hic, 6 Streptococcus agalactiae From a 
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secretion Note th.ii die chains consist of a series 
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no observable growth in five days Methylene blue milk is not reduced. In 
dextrose broth the final hydrogen ion concentration is from pH 4 4 to 4 7. 
Sodium hippurate is hydrolyzed. Dextrose, lactose, sucrose, and maltose are 
regularly fermented; salicin usually but nM always Inulin, mannitol, and 
rafiinose are never attacked. Aesculm is not broken down Gelatin is not 
hydrolyzed. 

The description just given applies to Strep asalacliae in a narrower sense 
than Minett, Stableforth and Edwards (14) regard it These authors in Eng- 
land use the specific name to include three types, which they designate I, 
II, and III Most other authors now restrict the term to include their type I, 
but regard II and III as separate sjiecics, namely Strep (Ivsjralucttae and Strep, 
uherts, respectively These will be discussed later Sttep agnlactiae belongs to 
Lancefield’s Group B, and since there are no other known species in this 
group, this method of identification is the most accurate single method that 
we have. Many but not all strains of St/ep agalacttae produce a brick reddish 
growth when growing on solid media, espcei.illy when the medium contains 
starch 

Resistance. Resistance to heat, drying and chemic.ils is not great Most strains 
will withstand 50° C but not 60° C moist heat for 30 minutes The organ- 
ism IS readily destroyed liy pasteurization 

Pathogenicity. This organism is the cause of a large poilion of all cases 
of chronic catarrhal mastitis in dairy cattle 1 his di 5 c.ise is to be distinguished 
from acute mastitis in which the uddtr becomes gre.itly swollen, reddened and 
painful, the animal usually develops a fever, and may die. The disease caused 
by Strep agalacttae usually begins insidiously and gradually develops 1 he 
milk, or udder secretion becomes altered in varying degrees, sometimes show- 
ing little or no abnormality and sometimes showing flakes, stringy masses of 
fibrin, blood, and thick purulent material Frequently the degree of alteration 
in the milk vanes from time to time, being ihiek and purulent at one time 
and practically normal at another 1 he inflammation in the udder causes the 
formation of new interstitial tissue and thus hbrosis changes the normal soft 
consistency of the gland to hardness, gencially in the form of indurated 
masses which may not be seen but may be palpated 

Normal milk has a pH slightly on the acid side of neutrality, whereas blood 
serum is slightly alkaline In inflamed udders the milk secretion is mixed 
with inflammatory exudate derived from the blood serum. The alkaline ex- 
udate causes the pH to shift to the alkaline side and this fact is the basis of the 
color tests for mastitis. Unfortunately it happens that in the early and late 
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stages of the lactation period, milk is more alkaline than normal, hence the 
color tests are not sahly used as the sole criterion of the existence of mastitis. 

As would be cxjucted the niimlKr of leucocytes in milk coming from in- 
flamed udders IS much greater than the number found in normal milk The 
streptococci in most cases tan he demonstrated in centrifuge sediment of the 
altered milk but if this is diflicult, the number can be increased by incubating 
at 37" C overnight The Hotn test (8) for mastitis consists of drawing the 
suspected sample from the cow as nearly ascpticallv as possible and after add- 
ing enough hrom-cresol purple to gne it a distinct color, incubating it over- 
night at ^7" C II mastitis siiepltictxrti arc present the color of the dye is altered 
to yellow, and fl.ikcs and euidy m.isscs ap|>car along the sides of the tube The 
test IS not wholly reli iblc but is a useful rough test which can be easily used 
in ihe field with liitle eqiiiiimciu 

Transmission. Streptoewm^ ugahictiae passes from infeelcd cow's to others 
on the hands of the milkers, or on the eups of the milking machines This is 
clearly shown by the lael that the disease does not oidinarilv spread rapidlv 
but gridtially exientls Irom one an1m.1l to another w'lih lelation to the milk- 
ing sequence Pi.ietical elairvmcn long .igo learned that it paid to place cows 
with abnormal udders at the etid ol the milking liiu in ordei ih.il thev mic’ht 
alw'.iys be milked l.ist If a milking machine is used, animals with abnorm.il 
udders aic best milked last, and by hind liidlv diseased animals not only 
arc a menace to other aniinals in the held but usu.ills are unprofiMblc to the 
owner because of the re'diieed milk yield which the disease bungs about It is 
best to dispose of such anim.ils In high grade dairies 11 h is been found profit- 
able to have all milkers w isli their hands w'lth soap and watci and to dry 
them on 1 sterile lowel alte'r milking one anim.il and betore beginning w'lth 
the next, as a means of leducing the chance of e irryiiig the infection from one 
animal to another It appears 10 be helpful also, 10 dip the ends of the teats 
of all animals immedialelv afici milking into a dilute solution of chlorine 

Immunity, \kiccines of various kinds base been used foi the treatment of 
bovine streptoeoecie mastitis The repiris are somewhat conflicting but it may 
safely be saiil ihal such products base Ikcii of little service Rteently it w'as 
hoped that sultanil.imidc might prose to be a boon in treating this disease 
but the results b.ise been disappointing Practically all W'ho have tried this 
drug have fountl th.it a tcmpor.irv reduction in the number of organisms se- 
creted IS brought about but the condition is not cured nor maternilly im- 
proved Fortunatelv it happens that the disease can rather readily be brought 
under control in any herd by lugicnie means Also, it app.irently is possible 
to eliminate the infection frt'm infcctetl udders b\ infusing them with dilute 
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solutions of some of the ncridinc dyes and with other substances (novoxyl) 
Persistent treatment with these substances will eliminate the disease from a 
majority of the animals treated 

Considerable interest has been dcvclojied recently in the use of a new type 
of therapeutic compound for infections ssith Gram-positiye organisms, par- 
ticularly with hemolytic streptocwci These had origin in the discovery by 
Dubos (6) of an aerobic spore-hearing bacillus in soil {Bacillus brevis) which 
produces substances highly lethal to Gram-positi\c organisms in general The 
name tyrothnem has been given to active extracts of this bacillus Tyrothricin 
consists of at least two active substances, gramtiuhn , winch is most effective, 
and tyrocuhn These subst.inces are very effective, in vitio. as destroying and 
inhibiting agents, depending upon the concentration, of most Gr.im-positive 
organisms As effective m vwo agents ihcir usefulness is diminished by their 
toMc effect on the animal 

Little .ind coworlstrs (ii) (12) (1?) have used these .igcnts for the treat- 
ment of streptococcic ni.istitis of c.ittle, aj'paicntly with good results Aqueous 
solutions proved too irrit.uiitg to ilu udder tissues, hut emulsions with min- 
eral oil, in which the .ictive agents aic dissolved in the .iqiiLous ph.ise were 
tolerated well Little, Dubos .tnd Hotchkiss (13) eompaicd this treatment 
with other treatments involving udder infusion and found it to be superior to 
others 

STREPTOCOCCUS DV.SGALACTIAE 

Synonym Type II of Strep agalactiae (Minett, St.iblcforth and Edwards) 

This organism differs from Stiep agalactiae only m mintir cultural par- 
ticulars, but the disease produced is ejuile different It belongs 10 Lancclield's 
Group C 1 he chains usually are short or medium in length. 1 he colonics are 
never hemolytic but show a distinct greenish discoloration Litmus milk is not 
always coagulated in 48 hours at 37° C Methylene blue milk, however, is reg- 
ularly reduced The final pH in dextrose broth vanes between 53 to 50 It 
never goes below 50 Sodium hippur.ate is not hydrolysed This is per- 
haps the best single test for differentiating this sjiecies from Stiep agalactiae 

Pathogenesis. Unlike the organism of chronic mistitis, this species .ippears 
not to spread gradually and insidiously The infection is thus sporadic but 
appaiently rather wide-spread The onset of the ilisease usually is acute, and 
the disease severe, but it often disappears after a time, frequently leaving a 
non-secreting mammary gland in its wake Unlike the agalactiae type of in- 
fection, the disease cannot be eradicated from herds by careful hygienic pro- 
cedures The history of some of these cases indicates that the infeetion began in 
an injured teat. 
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STREPTOCOCCUS UBERIS 

Synonym Type III o£ Strep agalacuae (Mmett, Stableforth, and Edwards) 

This organism differs from the previous one principally in the following 
details Non-hemolytic and non-green-prod iicing on blood agar, inulin and 
salicin positive, hippurate jiositive The organism is less frequently encoun- 
tered than the two previously 
described species, and produces, 
as a rule, acute cases which end 
in recovery after a short time 
This species docs not belong 
to either (houp 13 or Oroiip C 
of Laneelklcl Its classilkation 
is unetrtain 


Streptocficci of other types arc 
sometimes encountered is causa- 
tive agents in easts of bovine 
mastitis, although these arc a 
small minority of the total num 
ber It already has been saiel th.it 
Streptococcus pyogenes some- 
tiines infects an udder, pro 
(hieing there an .icuic m.istitis which often is the source of severe and wide- 
spie.ul oullireaks ol scarlet ft-ver and septic sore throat in people Occasionally 
organisms belonging to Lantcfitltrs CJruup (3, and classed among the “.inimal 
pyogenes ' lyiws, appear in milk 1 hesc have a remarkable resemblance to the 
human type and before the Lanetfield typing method w.is introduced such 
organism caused milk “scares " Miller and Heishman encountered a herd 
near Washington in ivhieh a serious outbreak of mastitis was caused by a 
hemolstic stiepUKoeeus belonging to L.incefield's Group G 

STREPTOCOCCUS EQIII 

This organism is the cause of a disease of young horses known as strangles, 
and It IS foiinel in a variety of suppurations in horses not clearly identified with 
strangles It is not found naturally in any other species of animal. 

Morphology and Staining Reactions. Strep, equt (x:eurs in exudates and in 
fluid cultures in the form of long chains exceptionally in short chains Some- 
times the chains are surrounded by definite capsular material The organism 
IS readily stained with the usual dyes and is Gram-positive when cultures arc 
young. Old cultures retain the Gram-stain poorly 
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Cultural Features. This organism has a strong hemolytic toxin which causes 
It to show wide zones of Beta type hemolysis around colonics on blood plates, 
and to hemolyze blood cells suspended in broth cultures. Acid is formed from 
dextrose, sucrose, maltose, and galactose. It docs not ferment lactose, nor will 
It acidify milk, and sorbitol is not fermented In these respects this organism 
differs from Strep pyogenes on the one hand, and from the “animal pyo- 
genes” types on the other. Sodium hippurate is not hydrolyzed. It falls into 
Lanccfield’s Group C 

Resistance. Strep eqm is said to be somewhat more resistant than most strep- 
tococci Even though this may be, it is certain that it is rather easily destroyed 
by chemical disinfectants, by heat, and by drying 

Pathogenicity. Strep eqtu docs not alltci any of the domesticated animals, 
except members of the horse family, and it is non-|).ithogenic for man When 
injected subcutaneously, recently isolated strains will kill white mice within a 
dav or two with septicemia, and large doses may kill r.ibbits and guinea pigs 
Older strains may produce pyemia in mice wiih deaths after a week or more 
When injected subcutaneously into horses, abscesses usually arc produced. 
When sprayed into the nasal cavity of young colts, the symptom-complex of 
the natural disease, strangles, may be produced. 

In the natural disease, young animals arc the victims The disease begins 
with a respiratory infection followed by ssvclliiig .ind absccssation of the 
lymph glands of the head and neck Someiinics the infection spreads through 
the lymphatics to the forelegs and trunk, causing multijile abscesses Oua- 
sionally abscessation of some of the internal lymph glands occur, in which 
case the animal usually dies 

Immunity. Unlike most streptococcus infections, one attack of strangles 
usually leaves the animal jiermanently immune 1 his suggests that the strep- 
tococcus may not be the sole cause, and perhaps not the primary cause of this 
disease 

Immunization against strangles wall bacterins and vaccines has been at- 
tempted with rather dubious results Anti-strcptococcus serum, however, often 
appears to lessen the severity of infections when administered early 

OTHER HEMOLYTIC STREFTOCOCa OF ANIMALS 

Dimock and Edwards (4) studied a large senes of hemolytic streptococci of 
animal origin in 1933. Exclusive of Strep eqm. ninety-six per cent of their 
strains were indistinguishable from each other. These strains originated in 
infections of horses, cows, chickens, foxes, rabbits, and guinea pigs These 
strains are remarkably like Strep pyogenes and undoubtedly have been mis- 
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taken for this organism in the past It was shown, however, that these organ- 
isms fermented sorbitol and failed to ferment trehalose, whereas the Strep 
pyogenes exact\y reverstd this situation Later it was learned that these strains 
fell into LanceficUrs Group C Sherman first applied the name “animal pyo- 
genes type” to them Apparently these organisms arc harmless to man How 
dangerous thty are to animals is not fully known One organism belonging 
to this group IS that which is known as Strep gemtaluim, an organism which 
causes metritis and cervicitis in breeding mares, the infection causing many 
marcs to become barren, and others to abtirt Another is an organism which 
sometimes causes .icutc, fat.il septicemia in chickens and which is known as 
Strep gallinciriim 1'hc disease is known as apoplectiform septicemia This 
organism has not been studied sufficiently bv modern methods to make sure 
that It IS a definite speeits Hemolytic strcptoeoeei are often found in virus 
infections ol the upper rcspiratetry tract of chicks and adult birds These pre- 
sumably belong to the “animal pyogenes” tjpc although LclwarcU studied one 
such organism whieb conformed to the human rather than the animal type 


The Non-Hcmolytic Streptococci of Animals 

A great manv organisms of raiher diverse eh iiactcristics arc included under 
this heading About the onlv things that thev have in common is a similarity 
in morphology, a low degree or an .ibscncc of pathogenic power, and an ina- 
bility to proiluee a seiluble hcmolvsin It alrcidv has been peiinlcd out that 
many members of this group arc c.ipablc ol causing a slight hcmolvsis on 
blcKicl plates because of .tcicl production Some ot them (Viridans gioup) in- 
duce chemical cli.inges in blood cells which cause them to take on a green- 
ish discoloration In cookctl blood mediums, this phenomenon is usually more 
marked lhaii in those in which ficsh blood is used, and, in many instances, 
the phcnoinenon is seen onlv when the bltKKl has been cooked Lanccfielcl 
was un lisle to bud, among the non-hemolvlic sireploeocci, anv antigenic frac- 
tions by which ihev might be grouped, and they do not precipitate with any 
of the sera used for grouping the hcmolytie tyj'cs 

Organisms belonging in the non-bcmolv tic group aie found on many nor- 
mal mucous membianes, on the skin, in minv animal products, and occa- 
sion,illv elsewhere, lhe\ Irecpiently are found in inllammatory conditions in 
all species of animals, including man Most ot these processes cannot be initi- 
ated by inoculation w'lth jsure eiilturcs It is assumed, therefore, that in most 
instances these organisms are pkivmg a secondary role It cannot be doubted, 
however, that in some instanecs they are primarily responsible for the disease 



THE STREPTOCOCCI 


93 


STREPTOCOCCUS SALIVARIUS 

This organism, of which there are numerous varieties, is found as a normal 
inhabitant of the human mouth It may also be found in human feces, prob- 
ably as a survivor from the oral cavity Apparently, a large percentage of the 
viridans type of streptococci found in human infections belong to this group 
Many strains give a strong Alpha reaction on blood media, tithers arc weak 
or give no reaction These organisms form a large amount of acid from dex- 
trose, and acidulate and coagulate milk promptly Most strains ferment raf- 
finosc and some, inulin Esculin frequently is attacked Streptococcus mitts 
of many authors is closely related to, or a variety of, this organism. 

STREPTOCOCCUS BOVIS 

This organism is always present in the mouths and intestinal tracts of cattle 
and, because of fecal contamination, is usually present in milk, where it may 
be mistaken for the Streptococcus agalactiae So far as is know'n, this species 
has no pathogenicity for cattle An organism very closely related to the Strep 
hovts has been found m the intestinal tract of man, and some have thought 
that It played an etiological role in ulcerative colitis This species is able to 
grow at relatively high temperatures, and has unusual tliermal resistance. 
Like Strep saltvartus, it usually ferments raffinose and inulin Most strains 
actively hydrolyze starch, an unusual characteristic of streptococci It does not 
hydrolyze sodium hippurate, and does not attack csculin, characteristics which 
differentiate it from the streptococci of bovine mastitis. 

STREPTOCOCCUS EQUINUS 

This organism is always abundantly present in the feces of horses It was 
first isolated from air, undoubtedly because of the presence of dried horse 
manure, a situation which formerly was common enough in most cities A 
striking characteristic of this organism is its inability to ferment lactose. It wiH 
be remembered that this also is true of Strep equt It does not grow well in 
milk, and does not cause coagulation It dix;s not grow at temperatures lower 
than 20° C Streptococcus equtnus is not known to be pathogenic for animals. 

STREPTOCOCCUS LACTIS 

This organism has no pathogenic properties, but because of its omnipres- 
ence in milk and milk products, pathologists should be able to recognize it 
and differentiate it from other organisms which may be responsible for dis- 
ease Strep laetts is the common milk-souring organism In sour milk it usu- 
ally occurs in short chains, whereas, most pathogenic streptococci form long 
chains, This is a fact which is of considerable differential value, however it 
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IS not always a safe rule to follow. In culture media, particularly those which 
contain scrum, this organism often forms long chains. A characteristic of this 
organism which has long been recogni/ed is its rapid growth in milk If lit- 
mus, or other reducible dyes arc present, the dye is reduced before coagulation 
(Kcurs The miik souring streptococcus grows at relatively low temperatures, 
and also at relatively high temperatures Reduction and coagulation of litmus 
milk will occur at temperatures as low as io° C. Esculin is almost always at- 
tacked. 

The normal habitat of Strep lacUs king has been a mystery Many workers 
have shown that it is not found in milk diawn ascptically from the udder, 
neither is it found in the mouth or intestines of cattle Stark and Sherman re- 
cently have succeeded in isol.iting typical strains from certain plants It may 
be that it is from such sources that initial invasion of dairies occur Once estab- 
lished in a daily or milk plant, it flourishes, and, being quite heat resistant, it 
maintains itself on the utensils and equipment 

Streptococcus cremoris is a tyjic closely related to Strep lactts It usually 
forms longer chains, prodtices less acid, and is less heat resistant than the usual 
milk-souring organism It is sometimes used in commercial “starters” cither 
alone or with Strep Liuis It has not been identified elsewhere than in milk 
and milk products 

THE ENTEROCOCCI 

The term cntcroctKCtis has long lieen used by French workers to designate 
a group of strcjitocoeci which normally occurs in the intestine of man The 
most important of these organisms is Streptococcus fecalts It is know'n that 
this organism occurs in the intestines of several of the domestic animals as 
well ns man Streptococcus liqucfaciens is a variant of Strep fecalts which 
liquefies gelatin, anti Streptococcus zymogenes another which is hemolytic 
as well as gclaiinulytic. 

Enterococci occasionally have been found in pathogenic processes, but gen- 
erally are looked upon as harmless to man and animals. 1 hey are character- 
ized by great hardiness Sherman separates them from other streptococci on 
the basis of their ability to grow in the presence of high concentr.ations of 
salt (65% NaCl), and in very alkaline media (pH 96). They grow through 
a wide temperature range (io'’-45‘’ C) and thrive 111 the presence of 01% 
methylene blue They have been found on growing plants (Sherman). 

IMMUNTTV TO STREPTOCOCCUS INFECTIONS 

It has long been known that, as a general rule, there is little immunity re- 
maining after recovery from streptococcus infections Various workers have 
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found It difficult to immunize animals e/Iectively with heat-killed cultures, 
likewise there was little encouragement in the earlier work in which culture 
filtrates were used In 1924, however, the Dicks demonstrated that the scarlet 
fever streptococcus produced a potent toxin which could be neutralized with 
specific antitoxin, and this finding has led to new interest in the subject. Anti- 
toxic sera for use against those streptococci which produce soluble toxins 
(Strep pyogenes group) apparently have value when given to patients in very 
early stages of the infection, but they have not proved wholly satisfactory. 
Against the streptococci which do not form soluble toxins, immune sera are 
of very doubtful value. What value they may have probably is measured by 
their opsonic content 

Hcat-killed and living cultures of Strep agalactme have been used both 
for prophylaxis and cure of bovine streptococcic mastitis There are conflict- 
ing reports on the value of these products, but it is quite certain that their 
value is very limited 

CHEMOTHERAPY OF STREPTOCOCCUS INFECTIONS 

For many years workers have sought drugs which, while highly toxic for 
bacterial and other infective agents, were so slightly loMt for tissues as to 
make it possible to inject them into tissues and thus to destroy the infections 
there Except for ejuinine in malaria, and salvarsan in syphilis there were 
only minor successes in this field until Dom.agk (5) diseovercel the value of 
a drug which he called prontosil for the treatment of strcjiloeoccus infcetions. 
Colebrook and Kenny (j) in 1936 published the results of the treatment 
of a large scries of cases of human infections with sireptoeoeci of Laiieefield's 
type A which clearly indicated the remarkable value of this compound The 
active agent in prontosil proved to be para-aminobcnzcne sulphonamide, a 
name which has been shortened to suljantlamide Hundreds of papers have 
appeared in recent years on the value of this substance, and of related com- 
pounds such as sulfapyridine, sulfathiazole, sulfadiazine, sulfaguanidinc, and 
others in treating almost every kind of infectious disease of man and animals. 
It 1$ firmly established that sulfanilamide is highly successful in treating many 
human hemolytic streptococcus infections, and that sulfapyridine and sulfa- 
thiazole are lowering materially the death rate m human pneumonia caused 
by types of pneumococci but so far as many other infections are concerned, 
the value of these drugs is not clear. They have proved disappointing in the 
treatment of bovine mastitis 

In the concentration used for therapy, sulfanilamide is not strongly toxic 
for cultures tn vitro, hence there is doubt as to its mode of action Whereas 
most drugs are inhibited by action of the body fluids, in this case the drugs 
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seem actually to be more effective m vwo than in the test tube. The drugs 
should be used with some degree of caution for. because of the benzene ring 
in their structure, Large doses will injure the leucocytes and the blood forming 
elements in the bone marrow, causing anemia and leucopenia Some indi- 
viduals appear to be hypersensitive to sulfanilamide this being manifested by 
optic neuritis, scarlatinaform eruptions, and acute hemolytic anemia The re- 
sults described have been seen in man Undoubtedly the same actions occur 
in animals, although perhaps not to the same degree. 
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CHAPTER X 


THE STAPHYLOCOCCI 


One can find in many places in nature, in soil, water, air, and on the surfaces 
of plants and animals, a group of organisms known as the micrococci. Many 
of these organisms apparently live a purely saprophytic existence but some 
undoubtedly arc capable of causing disease of man and animals The most 
frequent pus-forming organism of man belongs to this group Several of the 
earliest bacteriologists recognized it m suppurative processes Roscnbach (13) 
in 1884 clearly showed the relationship of this organism to pus-formation in 
man and gave it the name Staphylococcu> pyogena aureus This since has 
been shortened to the binomial. Staphylococcus aureus Another organism 
which IS quite similar except that it lacks the orange pigment and is much 
less virulent is Staph albits 

These organisms are not so commonly found in animal infections as in 
man, yet they are by no means rare. In the ma|oritv of suppurative processes 
in animals m which these organisms arc found, furthermore, they are asso- 
ciated with other species and ihcir specific role is not so clear as m man. 
Studies on staphylococci from suppunwive processes in various animal species 
have shown that they behave in experimental animals like those from man 
and the same toxins are demonstrable, hence there is no reason to doubt that 
they arc identical with those of man This is confirmed by occasional acci- 
dents in which men have been infected with pus from animals 

Morphology and Suming ReacUons. The pathogenic staphylococci appear 
as perfectly spherical organisms of uniform size (about o 8 microns diameter). 
In pus the organisms frciiuently arc grouped in irregular masses which re- 
mind one of a bunch of grapes It was this ajipearance which caused Ogsten 
(14) to adopt the generic name for the group (staphvlo= (Gr.) bunch of 
grapes) In fluid media the organisms usually appear singly or in small 
groups They are non-motile, do not form spores and ordinarily do not 
possess capsular substance The ordinary stains are readily taken and young 
cultures always are Gram-positive Older cultures lose part of their Gram- 
retaining ability The acid-fast stain is not retained. 

Cultural Features. The pathogenic staphylococci cither are porcelain-white 
or yellowish-orange when growing on solid media The orange pigment is 
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best seen on media that arc rather dry; on coagulated blood scrum or on solid 
media that contain starch The orange-colored cultures are the most active 
biochemically, and their pathogenicity usually is greater Their cultural fea- 
tures show quantitative rather than qualitative differences, hence they will be 
described together. 

Broth is uniformly and rather heavily clouded A moderate amount of 
rather viscid sediment forms in the bottom of the tube 

The growth on agar is quite 
profuse, semitransparent, moist, 
and glistening 

Gelatin is rapidly liquefied by 
freshly isolated slrains of Staph 
auietis, hut the property is eas- 
ily lost upon continued cultiva- 
tion Staph alhus usually will 
not liquefy gelatin even when 
freshly isolated 
Some strattis are strongly he- 
molytic, others have no action 
on blood This matter will be 
referred to l.iier 
Litmus milk is reddened but 
frequently not coagulated 
Acid but no g.is is formed 
from dextiose. lactose, sucrose, 
and mannitol by most cultures Tliere is eonsiderahle variation in this group 
in fermenting ability, however 

Unlike many of the saprophytic micrococci, the pvogcnie types are unable 
to iitili7e ammonium salts as a sole source of nitrogen. 

Nitrates usually are reduced 

Resistance. Staphylococci are among the most resistant of non-sporc-beanng 
organisms Most strains are capable of resisting dehydration for long periods, 
they are rcl.itivcly heat resistant, and they tolerate the ordinary disinfectants 
better than the vegetative forms of most organisms 

Staphylococcus Toxins. The pathogenic staphylococci, particularly those of 
the aureus variety, produce one or several toxins The hemolytic activity is 
due to a hemotoun, a second, known as leucoctilm, is destructive to leucocytes, 
and a third or necrotizing (dcrmonecrotoxin) toxin causes tissue destruction 



Eio 8 Staphylococcus ameus Stained film 
from a 24 hour ciiluirc on slant agar, showing 
typical arrangement in grapc-like masses x 600 
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around the point of injection in the skin. Some recognize a fourth poison, the 
so-called lethal toxin, which kills rabbits when injected intravenously, al- 
though this probably is the same as the nccrotoxin A fifth poison, the entero- 
toxtn or enteric toxin is produced by some strains. It is a toxin which is 
responsible for many cases of load poisoning of man, most of which apjiear 
in the form of outbreaks since usually more than one person eats of the poison- 
ous food. In these instances the stajihylococci have been given the opportunity 
to multiply in food materials, usually of a starchy nature, which have been 
prepared a considerable time before consumption and have not been properly 
refrigerated while being held See Dack, et al (2) (1930) and Jordan (6) 
(1930) This IS believed to be the most common form of food poisoning in this 
country In the past the public usu.illy has referred to these illnesses as “pto- 
maine poisoning ” 

Except for very young kittens which can be poisoned experimentally, the 
domestic animals seem not to be susceptible to the entcrotoxin These organ- 
isms will form toxin when incubated in milk, hence it is possible that some 
food poisoning of man may be caused by the consumpiion of milk from cattle 
which are suffering from staphylococcic mastitis There arc a few reports 
which suggest that this occasionally has hapjiened | Minctt (u)!, [Crabtree 
and Litterer (i) | 

It IS quite certain that the various toxins of staphylococci are really only 
manifestations of a single toxin It fretjuenily has been pointed out that the 
entcrotoxin differs from the others in iKing quite heat resistant Singer (14) 
has found tliat all of the toxins of staphylococci arc quite heat resistant and 
thus breaks down this difference We have not encountered any strains in 
a considerable scries from both animals and man that exhibited 'he hemolytic 
toxin without at the same time also showing some evidence of the nccrotoxin, 
and the lethal toxin Many strains from animals and man sliow some evidence 
of possessing a weak entcrotoxin It is probable that all toxin-bearing staphy- 
lococci produce entcrotoxin but only a comjsaratively few strains have suffi- 
cient potency to jiroduce effective concentiations The available means for rest- 
ing for entcrotoxin are not reliable, hence this question cannot be definitely 
answered at the present time 

In ordinary laboratory media, few strains of stajihylticocci produce potent 
toxins. The most successful media for developing the toxins consist of semi- 
solid agar with a highly buffered base containing peptone. After such a 
medium has been incubated at 37“ C. for several days in an atmosphere con- 
taining 80% carbon dioxide and 20% air or oxygen, the medium is squeezed 
through cheesecloth and the filtrate passed through a Berkefeld or other 
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bacteria-proof filter. The toxins deteriorate very quickly in an alkaline me- 
dium, hence the filtrates are acidified, if necessary, to keep the reaction at 
pH 6.5 or below. 

The imptirtance of the toxins of staphylococci in infections is not entirely 
clear. Strains from m.-ilignant suppurative process often show toxins of less 
potency than strains isolated from the skin and other sources where there 
IS no evidence of jiathogenicity. 

Glcnny and Stevens (5) have demonstrated that there are two antigenically 
different hemotoxins in staphylococci These were designated alpha and beta 

In strains of human origin the A toxin was always present, in about 15% 
of human strains the R toxin was also present The B toxin was not present 
alone in any str.iin. Minett (11) working with staphylococci from animals, 
principally cattle suffering from mastitis, concluded that the B toxin was 
characteristic of animal strains The A toxin was present .is well in most cul- 
tures but a few appeared to lack the A toxin comiilctcly Onlv five strains out 
of a scries of gy failed to produce detectable amounts of the R toxin 

The A toxin, according to Glcnny and Stevens, is charactcriyed by its abil- 
ity to hemolyze both sheep and rabbit erythrocytes, by its ability to produce 
necrosis in the skin of guinea pigs, and by its lethality to white mice when 
injected intrapcritoneally The B toxin does not hemolyre rabbit cells, docs 
not produce necrosis, and is not lethal to mice. The B toxin m.iv show some 
hemolysis of sheep cells in the water b.ath but usually there is none When the 
tubes arc cooled after incubation, however, hemolysis will occur (hot-cold 
hemolysis) 

Duran-Reynals (3) has shown that in staphylococci (and in streptococci 
as well) there is a factor which increases tissue permeability This “spreading 
factor” probably is of great imporiance in the infective processes Tbis fac- 
tor may be related to the fibrinolj'tic action of these organisms 

Pathogenicity for Experimental Animals. Minute doses of staphylococci 
from pathologic conditions administered intravenously to rabbits usually 
will cause death within 48 hours C;;loiKly swelling of the organs and bloody 
extravasations in the body cavities arc found Smaller doses, or less virulent 
cultures will cause emaciation and death after some days or even one or two 
weeks In these cases multiple abscesses will be found in the kidneys, the mvo- 
cardium, and sometimes in the lungs bones, and joints In the acute cases 
the organism can readily be isolated from the blood, in the chronic cases from 
the localized lesions. 

Intradcrmal or subcutaneous injections will lead to the formation of ab- 
scesses. Some of the earlier workers found that severe furunculosis could be 
produced by rubbing cultures into the human skin. 
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Guinea pigs and mice may be infected experimentally but these animals are 
more resistant than rabbits 

Pathogenicity for the Domestic Animals 

FOR THE HORSF Undoubtedly streptococci play a more important role in pyo- 
genic infections of horses than the staphylococci 1 he latter are found fre- 
quently in miscellaneous infections, however, often in association with other 
organisms. A pigmented staphylococcus very similar if not identical With 
Staph auteus is usually found in pure cuhiirt m the peculiar disease known 
as botrvomycosts At one time this disease was thought lo be caused by infec- 
tion with an organism belonging to the higher fungi, but this idea has now 
been discarded Botryomycosis usually begins, after castration of male animals, 
in the stump of the s|iermatic cord The infected cord becomes greatly en- 
larged and sclerotic Small pockets of pus are found here and there in the 
mass of new-formed tissue, and in the pus small granules resembling those 
of actinomycosis are fountl Wlitn these granules are crushed they yield 
masses of staphylococci embedded in a capsular material probably furnished 
by the host Botryomycosis sometimes generali/cs in which case there is usu- 
ally a fatal ending fMcFadycan (lo) | 

FOR csTTLE St.iphylococci often are found in suppur.itive processes in cattle, 
frequently but not always in issoci.ition with other organisms Pigmented, 
hemolytic staphylococci .irc occasionally found as the causative agent of mas- 
titis Minett, Stahlcforth and tdw.irds (i;) found that these cases frequently 
were very acute, the animals exhibiting markctl toxic symptoms and a con- 
siderable proportion died within a few days from the disease Ferguson (4) 
studied eight such cases, six of which were critically ill and of these, three 
resulted in death of the cows 

It IS of interest to note that occasionally staphylococci induce in the bovine 
udder granulomatous lesions of a chronic nature which clinically are diag- 
nosed as actinomycosis. 

FOR OTHER AMMSLs Bitds usually are regarded as quite resistant to staphy- 
lococcus infections, however, M.idsen (8) reports serious losses in turkeys 
from a purulent synovitis caused by organisms of this group Larlicr Jiingherr 
and Plastridge (7) reported a similar disease in young cockerels Dogs and 
cats are fairly resistant, and swine arc seldom affected 

Magnusson (g) found that 41 per cent of the lesions in the udder of swine 
which were diagnosed clinically as actinomycosis were in reality caused by 
staphylococci. 

Immunity. Repeated injections of heat-killed staphylococci will protect rab- 
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bits against otherwise fatal doses of Staph, aureus Bacterins, especially auto- 
genous bactenns, frequently appear to be of value in combatting chronic in- 
fections in man They are sometimes used on animals although the results are 
not clear-cut Immune scrum has been used with apparent favorable results 
in some cases, and with none in others Bacteriophage has been advocated for 
dealing with chronic infections but the evidence suggests that they are useless 
since the phage is rapidly inactivated when introduced parenterally Local 
dressings of phage, in which case inactivation by tissue fluids is retarded, may 
have some value. 

Staphylococcus to.void is easily made by treating filtrates with o 3 per cent 
formalin for a few hours These preparations stimulate antitoxin formation 
very promptly and appear to have value in treating chronic infections In ani- 
mals such infections arc seldom treated with specific products, reliance being 
placed u(ion surgery and local treatment 
Immunity in staphylococcus infections probably depends in part upon 
stimulation of phagocytosis (opsonic) and in part upon antitoxin In this 
connection it may be stated that the antigens of staphylococci appear to be 
identical since an antitoxin prepared with a single strain of staphylococcus 
will neutralize the toxins of all strains. 
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CHAPTER XI 


THE PYOGENIC DIPHTHEROID BACILLI 


OORYNEBACTERIUM PYOGENES 

This organism is the most frequent pus-forming organism m cattle, swine, 
and sheep It has been found in other animals occasionally but does not affect 
man. 


Morphology and Staining Reactions. C. pyogenes most often occurs as small 
slender rods which frequently are slightly curved and often clubbed at one 
end The individual elements 
arc usually short, and some 
strains form chains which are 
hard to distinguish from strep- 
tococci. There is great variation 
in morphology between differ- 
ent strains, and between indi- 
vidual cells of a single strain 
The organism is non-motile and 
never forms a capsule. It is 
Gram-positive. 

Cultural Features. Ordinarily 
there is no growth on plain agar 
or in plain broth unless a con- 
siderable amount of blood, tis- 
sue, or tissue-debns is carried 
over in the inoculum It grows 
readily in milk which is coagulated within 48 hours The curd slowly 
dissolves although the medium remains acid. Giowth occurs readily on 
coagulated serum slants. Along the line of growth a trough of liquefaction 
develops. 

A few drops of blood or blood serum makes all of the usual laboratory 
media favorable for the growth of this organism In fluid media the growth 
IS granular and sinks to the bottom of the tube In blood broth a layer of 
brownish-red pigmentation appears above the layer of sedimented blood cells. 
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Fig 9 Corynebactenum pyogenes Film from 
vegetations on the heart valve of a calf xgoo 
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This IS due to the liberation of hemoglobin as a result of the hemolytic activ- 
ity of the organism 

On blood agar plates the organism behaves rather characteristically. The 
colonies always are very minute and translucent After 24 hours’ incubation 
at 37° C. the colonics may easily be overlooked even when they arc numerous 
for at this time they are exceedingly minute and there is little evidence of 



Fio lo C oiyiiebiKtcitum pyogous llltiod agar pljto inciil'Titd fur hours at ^ 7 ° C 
The Lulunics ni.iv he discerneil as niiniite piriiiis surroundcil by narrow runes of Bua 
type Iictnulysis Blixxl plates inrubaled osernight may base numerous lolunics on tliem 
but they arc likely to Ik ovtrhniktd unless they arc inspeclcd with great care because the 
hemolytic /ones at that time base not apiuared At about 2 ^ hours' incubation the hemo- 
lytic zones iKgin to aptKar but they are not well deseloped until aboiil y 6 hours Reduced 
aUmt one third 


hemolysis. During the second day’s incubation the colonies become conspicu- 
ous because of the development of exceedingly clear zones of Beta type he- 
molysis These zones are very narrow, seldom if ever exceeding 2 mm in 
diameter 

In suitable b.isic media dextrose, lactose, sucrose, maltose, galactose, and 
xylose are fermented, mannitol, raffinosc, salicin, and inuliii are not attacked 
Gas IS never formed. 

Growth occurs best at body temperature The minimum temperature of 
growth IS about 24° C It is aerobic and facultative anaerobic. Indol, hydrogen 
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sulphide and nitrites are not produced Gelatin is liquefied. An excellent 
description of this organism is that of Brown and Orcutt, 1920 (i) 

Resistance. C pyogenes is a very delicate org.inism It is easily destroyed by 
heat, drying, and by ordinary disinfectants 

Pathogenicity for Experimental Animals. Guinea pigs, rats, and mice are 
quite resistant to infection Subcutaneous in)cctions of cultures result in the 
formation of abscesses which usually develop slowly and become well encap- 
sulated 

Rabbits are most susceptible After iniravenous in)cction no immediate 
effects are seen but after two or three weeks the animals begin to lose weight 
and may become lame or paralyzed Abscesses m.iy develop in the kidneys, 
lymph nodes or in the muscular tissue but more ofl- n ihey are found in the 
bones or joints Paralysis usually is caused by the formation of an abscess in 
the venebral column which brings pressure to bear on the spinal cord 

Pathogenicity for Domesticated Animals 

ton CATTLF C pyogenes can be found in a great variety of suppurative con- 
ditions in cattle In looking for it, blcxad agar plates should be used and the 
incubation period should not he shorter than ^6 hours at ^7° C. When other 
organisms aic present, as they often arc. they Ircqucntly are well developed 
.tftcr 24 hours, whereas the minuteness of the colonies ol C. pyogenes and the 
fact that they have not yet caused hemolvsis will cause ibem to be overlooked 
A few hours later one often is astonished to find a plate eulture filled with the 
characteristic colonies whose e\islenee was noi previously suspected 

Oclii and Zaizcn (6) claimed to have found C pyogenes on many of the 
mucous membranes of normal cattle, and of noimal guinea pigs Later they 
concluded that these organisms were not identical with C pyogenes and gave 
them the name C pseiulo-pyogenes From the descriptions given it would 
seem that the pseudo-organisms diliered from the one found in purulent 
conditions principally in the fact that the former were less proteolytic and 
less hemolytic than the latter 

Abscesses caused by C pyogenes usually eleselop slowly and often have 
heavy fibrotic cajisules The pus may be thick, greenish-white, and non- 
odorous, or it may be thin and feud Some lesions may develop as granu- 
lomatous tumors which resemble and often arc diagnosed as actinomycotic. 
See Magnusson (4), Vawter (7), Davies (2) 

This organism is nearly always found in necioiic and suppurating pneu- 
monias in cattle, presumably as a secondary invader in most cases It often 
causes destructive arthritis in calves It causes sporadic cases of mastitis, some 
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o£ which arc acute and may be fatal. On the other hand the non-functioning 
udders of cows and calves may be invaded, in which case chronic destructive 
inflammations are induced In these cases, which occur most often in calves 
which are kept together and which develop the habit of suckling one another, 
secondary arthritis may develop which leads to destruction of the animal. 
Umbilical infections in calves often occur. 

FOR SWINE. The liKalizations and the character of the lesions in swine arc 
much like those in cattle It is found very frequently in purulent pneumonia, 
in which case it is secondary to other agents. It is frequently found in arth- 
ritic joints. 

FOR SHEEP AND GOATS Purulcnt pneumonia and joint infections of sheep fre- 
quently are caused hy this organism The pneumonia is chronic, associated 
with much connective tissue formation and pleurisy with an ill-smclling 
pleural exudate. Abroad this condition is tifien called “pyobacillosis ” See 
Jowett (3). 

Immunity. There are no practicable methods of immunization against 
C. pyogenes. 

Related Organisms. Whether the organism described by Ochi and Zaizen 
are really forms of C pyogenes living saprophytically cannot be decided upon 
the b.Tsis of present inform.ition Since this organism is practically uliiquitous 
around cattle, it seems almost certain that it must live upon normal mucous 
membranes Other types of diphtheroids frequently are found in cultures from 
skin and mucous membranes These usually lack the hemolytic anil especially 
the proteolytic activity of C pyogenes and can easily be diflcrentiaied on these 
bases 

M.ignusson (5) in 1929 reported the existence of a pyemic disease in Swe- 
dish sheep which is very simil.ir to that seen elsewhere, termed pyobacillosis 
and attributed to C pyogenes. According to this author, however, the causa- 
tive organism is a Gram-negative organism which previously had been given 
the name Bacterium punjaaens by Chnstiannsen. 
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CORYNEBACTERIUM RENALE 

S^rDonyms: Bacillus renalts hovis^ Bacillus pyclotscphnudis bovis 

This organism is found principally m cattle, but it also has been seen in 
horses and sheep, and there has been one case described in a dog (5) Female 
animals are affected much more commonly than males (2) It has been found 
only in the urinary tract where it produces a diphtheritic inflammation of the 
urinary bladder, of the ureters, of the kidney pelvis, and frequently of the 
kidney tissue itself The lesions are characteristic and are quite alike in the 
several species affected. Jones 
and Little (4) report finding the 
organism in the unno-genital 
tract of a considerable number 
of apparently normal calves 

Morphology and Staining Re- 
actions. C. renale is a small 
diphtheroid bacillus Individual 
organisms do not vary greatly 
in morphology, all being rather 
short stumpy rods which usually 
are a little thicker at one end 
than at the other In exudates 
and in cultures the organisms 
are found in clumps varying 
from a few cells to many hun- 
dreds It IS non-motile, non- 
spore-bcaring, and non-encapsulated It is strongly Gram-positive, and stains 
readily with the usual stains. Bars and granules are sometimes seen when 
stained with methylene blue. 

Cultural Features. Growth occurs in all of the ordinary laboratory media 
but It is greatly favored by a little blood or serum For isolation purposes blood 
plates are most convenient After twenty-tour hours’ incubation at 37° C colo- 
nies may be seen as minute opaque bodies. After forty-eight hours the colonies 
become larger than those of streptococci, but smaller than those of staphylo- 
cocci. The older colonies are opaque, ivory-colored, and the margins are un- 
even. Their surfaces are quite dull in appearance There is no action upon 
the blood cells. 

In broth and other liquid media there may be slight clouding but most 
of the growth appears in the form of a granular sediment. A quite character- 



Fic II Cor\nchaUtrmm renale Film from 
urine of a naturally infected cow x(/k) 
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istic reaction is seen in litmus milk It begins with reduction of the litmus in 
the bottom of the tube. 1 he casein coagulates beginning in the depths of the 
tube and progressing upward toward the surface The coagulum slowly di- 
gests. The litmus in the upper pans of the medium remains a deep blue. 

Coagulated blood serum and gelatin arc not liquefied. 

Growth on potato usually is quite good It is dull and somewhat grayish at 
first; later, quite yellowish 

Of the usual carbohydrates used for differential pui poses, only dextrose is 
regularly fermented, occasionally Icvulosc is fermented There is no gas In 
media devoid of dextrose considerable alkali is prothiccd Much alkali is pro- 
duced when the organism is grown in steiilc bovine urine, and urea is broken 
down with alkali formalion It is of interest to note that the urine of affected 
animals always is highly alkaline in reaction, in fact, it has been suggested 
that the alkali may possibly be responsible for the extreme irritation of the 
urinary bladder always seen in clinical c ists 

Resistance. No records of resistance tests have been found Laboratory strains 
die out quite easily however and this suggests that its resistance to physical 
and chemical agents probably is not great 

Pathogenicity. C lenale is non-pathogtnic for the l.iboratory animals In- 
oculation experiments on cattle usually base failed, but Jones and Little (4) 
have reported success in reproducing the typical disease in cattle In spite of 
these results there is no doubt of the caus.uive connection between this organ- 
ism and the char.icteristic disease which causes serious losses in dairy cattle 
and sometimes other species 

In natural infections the urinary bladder always is involved, one or both 
ureters in most cases, and usually also one or both kidneys Some authors have 
thought that the infection was ot hcm.uogenous origin but most now agree 
that the evidence is against this and in favor of an ascending infection Fe- 
males are infected much more often th.ui males probably because of the short- 
ness of the female urethra The walls of affected bladders are thickened and 
the mucosa usually is covered with a mucoid secretion Petechiae and larger 
hemorrhages are present and areas of necrosis to which masses of fibrinous 
material adhere. The affected ureters become enormously distended and the 
mucosa usually is necrotic in patches or in its entirety Affected kidneys fre- 
quently are greatly enlarged and in extreme cases most of the kidney sub- 
stance mav be necrotic More often the kidney pelvis is found to be enlarged, 
the kidney papillae more or less necrotic, and abscesses are seen in the cortex 
The content of the pelvis consists of a grayish slimy exudate mixed with fibrin 
and necrotic material material is practically always found in the 
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pelvic exudate and sometimes considerable sandy material is found in the 
bladder. 

The necrotic material in the pelvis contains great masses of the characteristic 
diphtheroid bacilli, many of which he in palisade fashion. Not infrequently 
streptococci and other organisms are present in the exudate The urine which 
IS voided in small amounts at frequent intervals because of the bladder irrita- 
tion, contains much albumin, leucocytes, fibrin and usually small, bright-red, 
blood clots which originate from the bladder wall. The specific organism 
IS readily found in smears of the fragmentary material, and in centrifuge 
sediment 

Related Organisms. Diagnosticians must be on their guard against confusing 
morphologically similar organisms with C icnalc It is well known that 
diphtheroid organisms are often present on skin and mucous membranes 
Jones and Little (4) in their study of ihe bkulder and urctlira of young calves, 
found five types of diphtheroids in apparently normal organs Most of these 
were found in the sheathes of bull calves Four of these species differed cul- 
turally and serologically from C. tenale, ihe fifth apparently was identical 
with It 
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CORYNEBACTERIUM PSEUDOTUBERCULOSIS 

Synonyms The Preisz-Nocard Bacillus, Corynehactentun ovis 

This organism is the cause of caseous lympbadeniiis of sheep, sometimes 
called pseudo-tuberculosis, of uleerative lymphangitis of horses, and of a form 
of suppurative lymphangitis in cattle 

Morphology and Staining Reactions. This organism is a pleomorphic rod 
Frequently it is so short that it may be easily mistaken foi a coccus In the 
caseous pus from lymph nodes it sometimes occurs as rod forms which re- 
semble quite closely the organism of human diphtheria It forms no spores 
and IS non-motile It retains the Gram slain but is not acid-fast 

Cultural Features. The organism will grow on all the ordinary media, al- 
though not luxuriantly. The colonies on agar are quite characteristic. They 
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grow slowly and do not reach maximum size for several days when incu- 
bated at the optimum temperature (37° C.). When fully developed they 
have papilliform centers surrounded by concentric rings which parallel the 
irregular margin. The color is grayish or yellowish and the surfaces are dull 
and dry When touched with the needle they fragment easily 

On blood agar plates the colonies arc slightly hemolytic The organism 
grows well on Loefllers’ blood scrum but does not liquefy it The colonies on 
this medium arc moist and orange-yellow in color Growth occurs in milk 
but there is little change in ilic appearance of the medium On broth a fragile 
pellicle IS formed Dextrose and maltose are fermented without gas forma- 
tion Lactose, saccharose, radinosc, dextrin, and inuliii arc not attacked 

Toxic Products. According to Hall and Stone (3) this organism produces 
a soluble toxin which is similar to, but nut so potent as, that of the human 
diphtheria bacillus The toxin is partially neutralized by diphtheria antitoxin 

Pathogenicity. Ry inoculation C pieudotubercitlosn is p.ithogenic for horses, 
cattle, sheep, goats, dogs, rabbits, and guinea pigs Fowls arc refractory 

In guinea pigs, intrapcnioneal injection of large closes produces rapid in- 
toxication and death from peritonitis Smaller doses, or less virulent strains, 
have a tendency to localize in the scrotal s.ic thus producing a condition indis- 
tinguishable from that caused by the glanders li.icillus (the Strauss rcaclton) 
Since ulcerative lymphangitis of horses caused by this organism simulates 
glanders or farev, this fact should be kept in mind when using guinea pig 
inoculation for the diagnosis of glanders 

THE oisFASE IN HORSES Ulccrativc Ivmphangitis resembles cutaneous glanders 
(f.iicy) quite closelv Nodules form on the legs and these break down to form 
ulcers They arc located around the fetlcKk, as a rule The ulcers heal more 
readily than those of glanders, the neighboring lymph nodes are not enlarged 
as they ordinarily are in glanders, and the mallcin test is negative 

THE DisEcsE IN SHEEP Cascous lymphadenitis is a relatively common disease 
in old sheep in certain restricted are.is in the Rocky Mountain area of the 
United States It is also seen occasionally on the Pacific Coast It occurs in 
many foreign countries 

The disease affects the Ivmph nodes, especially those of the chest Eventually 
the infected glands become converted into large encapsulated abscesses In 
the younger lesions the pus is butvrous, in old ones it becomes dry and gran- 
ular Calcification is not common The color of the pus is a greenish-yellow. 
It is non-odorous Frequently the abscess becomes several times as large as 
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the lymph node in which it originated Nodules frequently are found in the 
lungs They are not usually found in the liver, spleen, or kidneys 
Old sheep, apparently quite normal, are often found at slaughter to be 
rather badly affected Eventually, if the animals are allowed to live long 
enough, they become emaciated and weak, and will die. 

THE DISEASE IV CAT! IE From the paucity of reports, it is probable that the 
disease does not often occur in cattle Kitt (4) found it in a case of broncho- 
pneumonia in a cow It was reported by Hall and Stone (?) in a calf It is 
reported that a considerable number of i.ises of the so-called “skin-lesion 
tuberculosis” in Utah contain this tirganism (2) Ste “Acid-Fast Bacilli Asso- 
ciated with Ulcerative Lymphangitis in Ciiile” on page 270 
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CORYNEBACTERIUM EQUI 

This organism was first described and n imed by Magniisson (6) in south- 
ern Sweden in 1923 as the causative agent of a purulent pneumonia in foals 
which frequently was associated with pyemia In 1946, Hollli and Amund- 
sen (4) described tubcrculosis-like lesions in the cervical lymph nodes of 
swine which they attributed to a cocco-bacillus Bendisen and Jcpsen (i) in 
1938 first recognized the identity of the swine and the foal organisms, and 
because the organism occurred much more commonly in swine than in horses. 
Plum (7) proposed that the organism be rcchristcncd Corynthacterium Ma^- 
nusson-Holth. This suggestion is not likely to be accepted generally Dimock 
and Edwards (3) and others have found this organism in this country m 
foals, and Karlson, Moses and Feldman (5) have isolated it from many 
swine lymph nodes 

Morphology and Stainmg Reacnons. C equi is a rather large organism 
which shows considerable pleomorphism ranging from coccoid forms to bacil- 
lary forms On solid media the form usually is coccoid, in fluids it usually is 
bacillary. Sometimes short chains are found in fluid media Metachromatic 
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granules can usually be demonstrated, especially in cultures grown in milk. 

The gross appearance of the growth of this organism suggests that it is a 
capsule former, and a number of the authors state that capsules are formed. 
Karlson, Moses and Feldman, however, were unable to convince themselves 
that capsules were present 

This organism is Gram-positive and it stains readily with other dyes. A 
number of authors claim that acid-fast forms are demonstrable in old cultures 
but several other workers have been unable to confirm this Spores arc not 
formed The fact that this organism is .able to resist oxalic acid much better 
than most other non-acid fast and non-sporc-bcaring organisms is of interest 

Cultural Features. GotkI growth occurs on all the ordinary media After two 
days’ incubation, colonies on the surface of agar plates measure up to nearly 
a centimeter in diameter and are raised, moist, translucent, and regular in out- 
line. At first they are white but a rose pink etilor soon appears Old cultures 
are distinctly pinkish especially those that are developing on potato There is 
a rather poor growth in milk without coagulation or either evidence of change 
in Its chemical composition Carbohydrates are not fermented, blood tells are 
not attacked, and neither gelatin nor blood serum is digested Several sero- 
logical types in this species can be demonstrated by .iggltiiination tests By 
complement fixation, however, it can be dcmonstr.ucd that there is a species 
specific antigen as well (2) 

Pathogenicity. Magnusson found this organism in 23 of a senes of 7S cases 
of suppurative pntuiTKiiua in foals The thoracic Ivmph nodes were enlarged 
and suppurated In some of the cases abscesses were found in the mesenteric 
lymph nodes, and in a few cases there were ulcers in the intesiine In none 
of the cases were any lesions found in the lymph glands ot the hc.id, a feature 
by which this disease can be distinguished from strangles In only one case 
were there lesions in the lungs None ot the cases showed lesions in the liver, 
spleen or kidneys 

In swine the intection is one of the lymph nodes and particularly of those 
in the cervical region It was the belief of Holth and Amundsen (4), who 
first found the organism in swine ih.u it caused a tubercle-likc disease, and 
this view was taken also by other Scandinavian workers, not.ibly Plum {7), 
who confirmed the Norwegian findings Karlson, Muses and Feldman (5), 
m the United States, do not accept this view since they were able to demon- 
strate the organism in approsimately as many app.irently normal as dis- 
eased lymph nodes They believe the acid-fast organisms which the European 
workers describe as acid-fasi forms of Corynehactenum eqiii are, in reality, 
tubercle bacilli with which thd organism is developing concurrently Karlson 
tt al attempted to produce lymph nodes lesions by feeding large quantities of 
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cultures of C. equt but failed They believe, on the basis of their findings, that 
the organism is relatively if not wholly non-pathogenic, and that when gross 
lesions are evident it is because tubercle bacilli are present as well as C. equi 
The lymph nodes cultured bv these workers contained other bacteria as a 
rule but C equt was readily isolated in pure culture because of the fact that 
It resisted treatment with oxalic acid which destroyed practically all other 
bacteria except tubercle bacilli Magnusson expressed the belief that this organ- 
ism lives in the soil but he did not furnish any prwif that this was the case. 

IMMUNITY 

Magnusson encouniercd difficulty in producing high titers in animals in 
which he attempted to induce immunitv No practicable methods of pro- 
tecting animals against this organism have been found. 
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CHAPTER XII 


THE BACILLUS OF GREEN PUS 


PSEUDOMONAS PYOCYANEUS 

Synonyms Pseudomonas aeruginosa, Rdcillus of Green Pus. 

This IS an organism of comparatively low virulence found frequently in 
suppurative processes in cattle and swine It also is found occasionally in 
wound infections in man, where because of the bright green colored pus 
which stains the bandages, it received its common name. 

This organism can easily be 
isolatcil from many bodies of 
water, particularly when they 
arc polluted with organic mate- 
rial Apparently the organism 
is very common in nature, liv- 
ing generally as a saprophyte 
and only occasionally as a para- 
site 

Morphology and Staining Re- 
actions. Ps pyocyaneus is a 
straight slender rod of medium 
siae It IS so rapidly motile that 
young cultures can hardly be 
successfully watched under the 
microscope Motility is by means 
of polar fl.igclla of which there 
may lie only one, or several. 
Spores arc not formed and there is no capsule The organism is Gram-negative 
and It stains readily with the ordinary dyes. 

Cultural Characters. This organism is readily recognized as a rule because 
of the bright green pigment which it produces There are really two pigments 
One of these is yellowish green when fresh, and oxidizes to yellow. It is known 
as fluorescein This pigment is produced by a number of organisms other 
than Ps pyocyaneus which have their habitat m water The second pigment 



Fic :2 Pseudomonas pyocyaneus From a 
culture on a slant agar incubated for i8 hours at 
C X900 
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IS bluish-green which oxidizes to brown. It is known as pyocyamn, and this 
pigment is produced by the green pus organism alone One needs only to 
prove the existence of pyocyamn in a culture to know that Ps pyocyaneus is 
present. Both fluorescein and pyocyamn are water soluble, hence in culture 
the green pigment diffuses throughout the medium. This is best seen when 
the organism is growing on a solid medium Pyocyamn is soluble in chloro- 
form to a greater degree than in water, whereas fluorescein is insoluble in 
chloroform It a few drops of chloroform are added to a culture and thor- 
oughly shaken through it, the chloroform, when it settles out, will be colored a 
deep blue This is a rapid and reli-ible test tor the presence of pyocyamn 

Both of the pigments of this organism arc products of oxidation and do 
not appear unless the organism is growing under aerobic conditions If the 
organism is cultivated under anaerobic condilions in a fluid medium, and then 
exposed to oxygen by shaking the culture or blowing .nr through it, the color 
less medium will assume the characteristic deep green color within a few 
seconds 

Ps pyocyancUi may be cultivated upon the simplest of mexha The growth 
IS smooth, shiny, moist, and spreading Qilonies have thin irregular margins, 
and the translucent centers arc cream colored although this often is dis- 
guised by the green pigment which stains the surroundings An opalescent 
sheen characteristically appeals on the surface of growths on solid media, and 
in old cultures crystals usually can be seen as ncedle-likc striietures radiating 
into the solid medium beneath ihe surface colonics Of the common carbo- 
hydrate media, acid is produced only from dextrose, and even this is some- 
times disguised by simultaneous pnxluction of alkali from nitrogenous bodies. 
Milk IS rapidly digested If litmus is preseni, it becomes deep blue - xeept near 
the surface where the blue of the litmus is mixed with the green pigment of 
the organism Gelatin and coagulated blood serum .ire rapidly liejucfied Cul- 
tures have a sweetish odor reminiscent of beeswax Broth cultures are heavily 
clouded and have a thin iridescent, fragile pellicle 

Ps. pyocyaneus produces a mild toxin ag.iinst which it is possible to produce 
an antitoxin Rather large doses are necessary to kill experimental animals. 
It also produces a lipoidal substance which has a strongly antagonistic and 
destructive influence on many other micro-organisms This substance has been 
called pyocyanase It is heat stable. 

Pathogenicity. This organism is frequently found in necrotic pneumonias 
of swine as a secondary invader, and it is frequent also in the intestinal lumen 
of cases of necrotic enteritis. It often is found in foul-smelling abscesses of 
the spleen and liver of both swine and cattle In traumatic pericarditis of 
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cattle, this organism is commonly found accompanying the foreign body. In 
most abscesses other bacteria usually are present and one is left uncertain as 
to the responsibility which each of the organisms present should bear. Poels 
has described a form of scours in calves in which the Ps pyocyanetis was 
thought to be the causative agent. It is found in almost pure culture in the 
watery stools Occasionally cases of septicemia are observed, the organism 
being found in pure culture in the blood and all organs shortly after death 

Immunity. The organism is not regarded as sufficiemlv important to call 
for specific immune treatment, and no commercial products for such treat- 
ment are available. 
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CHAPTER XIII 


THE ANTHRAX BACILLUS 


BACILLUS ANTHKACIS 

Among pathogenic bacteria the Bacillus anthraets is unique in that it is the 
only aerobic sporulating species 

The organism causes the disease known as anthrax (Ger milzbrand; Fr. 
charbon). The herbivorous animals, especially cattle and sheep, are affected 
by It Horses, deer, buffalo, and other 
wild herbivora, guinea pigs and mice 
are very susceptible to infection. 

Swine are not so susceptible and the 
disease frequently runs a chronic 
course Dogs, cats, rats and most 
birds are relatively insusceptible but 
can be infected artificially. Cold- 
blooded animals are not susceptible 
The disease frequently runs a fatal 
course in man but he is not so sus- 
ceptible as the herbivorous animals 

Morphology and Staining Reactions. 

The anthrax bacillus is a large, 
straight, square-ended rod usually 
about I micron in diameter and from 
3 to 6 microns long In cultures it 
forms long chains which, unstained, 
appear as solid filaments since the square ends of the individual cells fit very 
closely together. In tissues long filaments are never seen Here the elements 
occur either individually or in short chains of two to five or six organisms 
In tissues the organism is regularly encapsulated, a single capsule enclosing 
as many organisms as remain in a chain. The capsules are well-marked and 
can be stained rather readily. Spores arc formed in abundance when the or- 
ganism IS growing in the presence of air Because of lack of sufficient oxygen, 
spores are not formed in the blood and internal organs It is Gram-positive 
and stains easily with all the usual dyes. It is not acid-fast. 



Fig 13 Bacillus anthtans Impression 
preparation from a colony on a gelatin plate 
The habit of the bacilli of forming long Bla- 
mentous chains which lie parallel accounts 
for the “Medusa head” appearance of the col 
onxes X 350 
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Cultural Features. The anthrax organism grows readily upon the simplest 
of organic infusions Best growth occurs on solid media exposed to the air. 
Anaerobically growth will appear but it is meager Even in a fluid medium 
in a tube with surface exposed to the air, in which the thssolved oxygen is 
short of saturation, the growth of the anthrax organism is not luxuriant. 

On agar plates the anthrax organism develops into characteristic “ground- 
glass” surface colonies The margins of these colonics are irregular and re- 
semble, under low magnifi'a- 
tion, locks of wavy hair It is for 
this reason that they are some- 
times described as “Medusa - 
head” colonies, after the mytho- 
logical maiden whose flowing 
locks were changed to serpents 
Both the ground-glass and the 
Medusa-htad ap|)e.irance are 
tlue to the fact that in such colo- 
nies the organism grows in the 
form of long filaments which he 
in parallel wavy bundles like 
locks of a well-combcd coiffure 
Deep colonies appear as small 
ragged, stnngv colonics It h.ip- 
[lens that there arc many aero- 
bic spore-forming b.icilli which 
form surface colonies resem- 
bling those of anthrax In dif- 
ferentiating the anthrax bacillus from most of these, the deep colonies will be 
found more useful than the more conspicuous surface ones Most of these organ- 
isms, other than the anthrax organism, cither fail to develop in the depths of 
the agar medium, or if they do develop, the colonics are sm.ill and compact 

On gelatin plates the characteristic Medusa-head colonies appear but the 
gelatin stxm liquefies and this spoils further colony development Each colony 
sinks into a liquefied ptwl and further development is virtually in a liquid 
medium 

Milk IS rendered slightly acid and a soft curd usually is formed, but this 
quickly undergoes digestion by a rcnnet-likc enzyme. In liquid media a fluffy 
grow'th usually begins near the surface but after a few hours of incubation 
this gravitates to the bottom of the tube. The fluid usually remains quite clear 



Fig 14 Baatlus anthraas Swined prepara 
ration from a 24 hour culture on solid iiicdu, 
showing arrangcmcni of cells in long cluins and 
ihe development of sports in many of the organ- 
isms X 900 


THE ANTHRAX BACILLUS 


119 


except for this delicate filatnentous mass at the bottom of the tube. Usually a 
dull whitish ring appears on the wall of the tube at the level of the fluid sur- 
face. 

The anthrax bacillus grows readily upon the cut surface of many boiled 
vegetables, such as potatoes, beets and carrots, or on the pod of a string bean, or 
upon a cut surface of a banana On all of these media the growth is spreading. 


dull, dry, mealy, and grayish- 
white in color Sporulation oc- 
curs early and profusely on these 
substances 

Acid but no gas is produced 
in dextrose, sucrose, maltose and 
salicin 

Sources of Infection. The an- 
thrax bacillus IS not usu.illy 
transmitted directly from one 
individual to another The or- 
ganism swarms in the tissues of 
affected animals and is elimi- 
nated in the secretions and ex- 
cretions a short time before 
death If animals dying of an- 
thrax are autopsied, or if the 
carcasses are left to be devoured 
bv birds or animals of prey, the 



Fig 15 Bacillus anthraas Splun. Bovine 
In iissucs anthrax bacilli occur in sliori chains sur- 
roundei) by a common capsule 1 he capsular ma- 
terial shows inclislinclly in the ilhisiralion It is 
responsible for ihc lack of sharpne-ss of outline of 
ihc organisms x 900 


organism may be widely scat- 
tered on the soil It is scattered further by floods The organism is able to 


maintain itself for long periods in soil Grasses growing in lowlands become 
infected, and the disease may be contracted in mid-winier by animals feed- 
ing upon hay grown on such lands Animals pastured on infected areas 
must be artificially immunised or heavy losses from the disease will occur In 
hot climates where flies arc abundant, the disease is transmitted by the blood- 


sucking varieties, notably by the large horse-flies of the genus Tabanus 
Anthrax infection often is carried long distances In the past tanneries often 


have been responsible for introducing anthrax int:i regions where it had not 
previously existed Dried hides from anthrax-infected animals from parts of 
South America, Manchuria, or the infected areas of North America, when 
soaked in the tannery leave anthrax spores in the soaking liquid which then 
IS discharged into streams which, in turn, infect the low lying pastures in the 
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valley during flood periods Imported feeding stuffs, particularly protein con- 
centrates, often are infected with anthrax spores The Department of Agri- 
culture of Great Britain reported (3) that during the ten year period, 1919- 
1928, there were 5,512 reported outbreaks of anthrax m Great Britain, of 
which 4,451 were on premises where the disease had not previously occurred. 
In these instances 3,016 were attributed to the use of imported feeding stuffs, 
191 to the use of animal fertilizers (principally ground bone) and only 70 to 

tannery effluents. The situation m 
Great Britain is quite different from 
that which prevails in this country 
inasmuch as we produce practically 
all of our animal feeds, and essen- 
tially all of It comes from anthrax- 
free districts whereas Great Britain 
IS forced to import her food stuffs 
largely from South America where 
anthrax is much more prevalent 
than here 

Infection may occur in three ways. 

(a) through the alimentary tract; 

(b) through the skin; (c) through 
inhalation It is'much easier to infect 
animals through the injured skin 
and by way of the respiratory tract 

than by the alimentary tract nevertheless it is thought that the majority of 
natural infections occur through the ingestion of infected food materials. 

Pathogenicity. The manifestations of the disease depend upon the manner 
of infection. When it occurs through the internal organs (no visible evidence 
of a locahzalion) its principal ch.-iracter is the sudden onset and rapidly fatal 
course. The peracute form which sometimes occurs in herbivora may termi- 
nate fatally in one or two hours, the acute form usually terminates fatally in 
less than 24 hours The animals have a high fever and usually show bleeding 
from the body openings The organism can be found in the excretions or in 
the blood in large numtiers at the time of death and this constitutes the sim- 
plest and most certain way of making an accurate diagnosis. 

Localized anthrax is seen when infection has occurred through a wound 
in the skin This form occurs naturally more often in man than in any of 
the domestic animals Cutaneous anthrax takes the form of a swelling of an 
edematous nature which is hot and painful at first but later becomes cold and 
painless. In man this type of anthrax lesion is called mahgnant carbuncle. 



Kio 16 Bacillus anthracis Surface colony 
on agar photographed by transmitted light 
showing the “ground glass” appearance x 10 
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since in its earlier stages it resembles a developing furuncle or carbuncle 
caused by Staph aureus Recoveries in both animals and man are more fre- 
quent when the disease is localized than when it is septicemic. Localized in- 
fections often become generalized, however 
In swine anthrax has a tendency to assume a local form The infection pre- 
sumably enters the tissues from the upper part of the digestive tract, probably 
through the tonsils, the disease being manifested by inflammatory edema of 



Fig 17 Bacillus anthraas Deep colonics in an agar plate Photograph taken by trans- 
muted light with slight magnification The irregular colonies are characteristic Many 
common aerobic spore-bearing bacteria have surface colonies which resemble those of 
the anthrax organism but most of these produce small dense colonics in die depths of the 
medium 

the glottis and of other tissues in the region of the throat and neck Sometimes 
It IS localized in the intestinal wall and in the lymph glands of the mesentery, 
and sometimes in the spleen. 

General anthrax may easily be induced in susceptible animals by the in- 
halation of spores. In man infections of this type commonly occur among 
employes of plants in which hides, wool, and hair are processed, the spores 
being thrown into the air from the infected materials handled. It is a rapidly 
fatal malady known as “wool-sorters’ disease." 

Resistance. In the growing or bacillary form, the anthrax bacillus is pos- 
sessed of only slight resistance. It is killed by pasteurization, is easily destroyed 
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by ordinary disinfectants, and it quickly succumbs to the action of putrefac- 
tive bacteria. 

The spores are readily formed providing the organism is under aerobic 
conditions In the organs of animals dead of anthrax the oxygen supply is in- 
sufficient for .spore formation, consequently they are killed within a few days 
by the putrefactive processes. If the carcass is opened, the tissues are exposed 
to air, the organisms then are able to sporulate and their resistance is greatly 
enhanced The spores resist drying for long jieriods of time There are many 
records of spores having survived for ten or more years. Recently Umeno 
and Nobata (6) reported the finding of viable spores which developed into 
virulent cultures in the spring of 1958 from threatls which had been impreg- 
nated with anthrax spores from a potato culture in 1879 Anthrax spores are 
not so resistant to heat as is commonly supposed, a ten minute exposure to 
boiling water being enough to destroy stime strains 

Bacteriological Diagnosis. Diagnosis of the disease hy means of recognition 
of the organism or its products may be done in a number of ways The most 
important of these are 

1. DIRECT MICROSCOPIC EXAMINSTION OF TISSUFS AND H IIIDS This method IS 
simple and certain when the animal has ;ust died and puiicf.iction has not 
set in The organism tan be ftiund in the blootl strc.im or in smears from 
practically any organ when the disease has assumed the septicemic form In 
the local forms the local lesion must, of course, be examined. The organism 
IS a relatively .short, thick, Gram-positive rod, usually arr.ingcd in pairs or in 
chains of three, four, or five bacilli S(K»res are not seen With proper staining 
It may be observed that the chain of organisms is surrounded by a common 
capsule 

If putrefaction has begun, it is not always an easy matter to make an accu- 
rate diagnosis by the direct smear method Many of the anaerobic bacteria of 
decomposition resemble the anthrax bacillus quite closely Usually these or- 
ganisms are somewhat longer, and arc arranged m chains longer than are 
formed by the anthrax bacillus in tissues When many extraneous bacteria 
are present it is better not to depend ujion the direct microscopic method for 
making a diagnosis. 

2 . CULTURAL METiKiDs When the tissues and blood are fresh, there is no diffi- 
culty in cultivating the causative organism If the tissues are decomposing 
difficulties arise from two angles, first, the anthrax organism rapidly dies off 
and there may be few or no viable organisms remaining and, second, other 
organisms which resemble the anthrax organism very closely may be present. 

The characteristic “ground-glass” type of colony is searched for on plate cul- 
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tures made from the organs or blood when the tissues are not absolutely fresh. 
Examination of the peripheries of these colonies under moderate magnifica- 
tion should show no motile organisms when the plates are from 18 to 24 hours 
old, and the other characteristics of anthrax colonies should be carefully looked 
for If the organism is in pure culture look for the deep colonies. If it is the 
anthrax organism these will be loose and nigged Most other organisms which 
are anthrax-like produce small compact colonies in the depths of the medium. 

3. ANIMAL INOCULATION Guiiiea pig inoculation is usually relied upon to 
decide between anthrax, and anthiax-hkc. colonics Direct inoculation of 
guinea pigs with tissues, exudates, etc , is a reliable method of diagnosing the 
disease providing the material does not contain other organisms which de- 
stroy the experimental animal before the anthrax organism can be expected to 
make itself evident Organisms of the malignant ct'ema group (anaerobes) 
frequently do this If vuihle anthrax oiganisms are present and if the animal 
doesn’t die from other causes earlier, n usu.dly will die from anthrax in 
from 36 to 48 hours after subcutaneous inicction Occ.isionally death is as 
late as the fifth day after injection The tissues of the guine.i jng will be found 
swarming with the organism and there will be found a gelatinous infiltration 
under the skin at the point of inoculation 

4 SERO-DiA(.NOsis The thermo-precipiiaiion test (Ascoli test) is used very 
successfully in Europe for the detection of anthrax-infccted hides. It may 
also be used with other tissues 

For the Ascoh test a pretipit.uing serum of high titer is needed Very few 
animals produce a serum satisfactory for this work, hence it is rather expen- 
sive The bit of hide or other tissue is extracted with water, cilhcr by boiling 
or with the aid of chloroform In this way a clear fluid is obtained which 
should contain some of ihe anthrax proteins il the tissue has contained an- 
thr.ix organisms This is known as precipitinogen This fluid is layered m a 
very narrow tube with some of the precipitating scrum (precipitin) The 
formation of a whitish ring at the line of juncture of the two fluids constitutes 
a positive reaction 

Immunity. The precise cause of death in anthrax is a debated question At 
one time the mechanical hypothesis, i.e, that the Iwcteria multiplied until the 
capillaries were choked, was seriously considered. This hypothesis has now 
been abandoned Toxic properties have not vet been demonstrated in cultures, 
either in filtrates or in the bacillary bodies, nevertheless the character of the 
lesions suggests that some toxic substance is produced in vivo if not in vitro. 

Immunity to anthrax appears to be due largely to the production of opson- 
ins. Resistance can easily be built up in susceptible animals by the injection 
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of living attenuated cultures Dead cultures and culture filtrates are gener- 
ally considered useless for this purpose; however, formalin-killed cultures re- 
cently have been advocated for immunization It is difficult or impossible to 
produce absolute immunity to anthrax infection Vaccines will induce suf- 
ficient immunity to protect against natural infection, and thus are of practical 
value. 

PASTEUR VACCINE The first vaccine for anthrax was made by Pasteur in 1879. 
Attempting to use the method which had succeeded in weakening the viru- 
lence of the fowl cholera organism, it was found that the method did not 
succeed with the anthrax organism because of its habit of forming spores, 
which then resisted attenuation Success was finally achieved when it was 
discovered that incubation at 42-43“ C inhibited sporulation and attenuated 
the vegetative forms. 

The vaccine strains arc produced by cultivating the organism at 42° to 
43“ C continuously, with daily transfers to fresh medium At this tempera- 
ture the virulence of the organism is gradually lost Two vaccines are used, 
the first consisting of a sir.iin that has been cultivated longer at the abnormal 
incubation tempcraiure, and consequently has less virulence than the second 
vaccine. The degree of immunity obtained appears to be directly related to 
the virulence of the vaccine strains used; consequently the first and weaker 
vaccine is to prepare the animal for the more virulent second. 

The vaccine is a bouillon culture of tlie attenuated strain Vaccine No. t has 
been so attenuated that it will produce anthrax in mice and sometimes in 
young guinea pigs but not in older guinea pigs or rabbits Vaccine No 2 has 
been attenuated to the point where it will not ordinarily kill rabbits, but it 
should kill guinea pigs Vaccine No 2 is given about 10 to 12 days after No. i, 
when It IS used for protecting livestock 

The vaccine prepared by Pasteur has been extremely successful in many 
parts of the world where anthrax is a menace In many areas the disease has 
been practically eliminated bv systematic vaccination. Animals sometimes do 
not receive sufficient protection, and in some other cases the vaccine proves 
too powerful and animals die from the treatment Owners of animals should 
always he warned that the anthrax vaccine is occasionally responsible for an- 
thrax The vaccine should never he used except when a definite diagnosis of 
anthrax has been made on animals living on the premises. 

A definite disadvantage of this vaccine is that it does not keep well The 
organisms are supplied in the form of a bouillon culture to which preserva- 
tives cannot be added and in which sporulation docs not occur readily; hence 
the organisms tend to die out rather rapidly. This disadvantage is overcome 
in the spore vaccine. 
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Neither the Pasteur nor the other vaccines for anthrax can be depended 
upon to give sufficient immunity to protect the animals for a period longer 
than one year In especially bad districts it is sometimes necessary to vaccinate 
more often than once a year, but usually if the animals are vaccinated early in 
the spring before being turned on pasture or range, sufficient protection is 
given 

SPORE VACCINE In order to avoid the uncertamty occasioned by deterioration 
of the Pasteur vaccine, spore vaccines have now become popular. The anthrax 
cultures are attenuated as for tlie 
Pasteur vaccine The attenuated cul- 
tures are grown on a peptone-free 
agar for 4 to 7 days at 47° C at 
the end of which time the majority 
of the bacilli have sporulated The 
cultures arc washed down with 
sterile physiological salt solution 
The resultant suspension is heated 
at 60° C for 40 minutes to destroy 
all vegetative forms The number 
of spores in the suspension is now 
determined by plating measured 
quantities 1 he suspensions are now 
usually diluted until each cubic 
centimeter contains one million 
spores One cc of such a suspension 
constitutes a normal dose for cattle and horses, about one-fourth cc for 
sheep Each lot of spore vacciiit should be tested for pathogenicity on guinea 
pigs and rabbits. 

SPECIAL VACCINES. Besides the vaccines of standard degrees of virulence, as 
described under the heading of Pasteur vaccine, a number of vaccines of other 
grades of virulence are available and are used for special conditions. In some 
districts especially virulent strains of the anthrax organism abound and the 
ordinary vaccines will not fully protect A No. Ill and even a No IV vaccine, 
consisting of cultures less attenuated than the No II Pasteur, are used. Obvi- 
ously the danger of vaccination troubles is greater when these more virulent 
vaccines arc used; hence they should not be used unless it 1$ known that the 
weaker vaccines will not protect 

A special vaccine that apparently has advantages over the ordinary ones is 
that of Mazzucchi which has been named Carbozoo. This is a No 2 spore 
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vaccine suspended in a solution of saponin The saponin acts as a local irritant 
inducing a rapidly forming gelatinous infiltration at the point of injection 
which walls off the spores from the lymph vessels and delays their absorption 
It IS claimed that this vaccine immunizes more solidly and more safely than 
the usual ones Fully virulent bacilli usually prove innocuous when introduced 
in this way, according to the proponents of the method Manufacturers of 
biologies have found that the immunizing value of many antigens is improved 
when they are incorporated in materials which act as local irritants, or which 
retard absorption in any way, and this principle undoubtedly is the one upon 
which the success of this special vaccine depends. 

ANTiiRsx HACibRiN It has long been supjxised that killed anthrax bacilli had 
little, if any, immunizing value It has been learned in late years, however, 
that heavy susjiensions of heat-killed vegetative forms do have some value, 
and such products have been marketed for pr.ictic.il use The immunizing 
value apparently is much less than that of the vaccines containing living bacilli, 
or living sjKires, and for this reason they have not become popular They have 
the advantage of safety, however, and thus may have a place in practical work 
especially with highly susceptible animals such as sheep 

ANTI-AN riiRAX sfcRust Tills m.iy lie produced from horses, cattle, or sheep 
Horses and sheep produce the more potent sera Horses are usually used be- 
c.iusc of the greater case of immuni/ation, i e, they arc less likely to die of 
anthrax during the immunization procedure, and also because they will yield 
much more scrum 

Hoises are given the simultaneous treatment for anthrax, then small quanti- 
ties of virulent cultures IJcginning with loopful, the dose is gradually in- 
creased at intervals of 3 or 4 weeks, until finally whole agar-slant cultures 
and even mass cultures of young virulent cultures arc used All injections arc 
given subcutaneously since there seems to be no advantage in intravenous 
injections 

SIMULTANEOUS TREATMENT Aiiti-anthrax seium is injected on one side of the 
neck, subcutaneously, and a sjiorc vaccine on the other. The dose depends 
upon the potency of the serum Usually about 5 cc for large animals and 3 cc. 
for sheep is used 

SERUM ALONE In treating herds in which anthrax infection already exists, 
the serum-alone method is used .Ml animals not showing fever or other signs 
of infection are given a 50 cc dose Those showing a fever but no other symp- 
toms are given from too to 300 cc Animals that arc severely infected with 
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anthrax, if treated at all, are given larger doses. Frequently the administra- 
tion of serum will markedly alleviate symptoms in a few minutes. On the 
second and third day after treatment, relapses may occur in which case an- 
other dose of serum should be administered Animals that are severely in- 
fected and even show bacilli in the blood may recover under serum treatment. 

ANTHRAX AGCRE.SSIN Bail in 1904, showed that rabbits and sheep might be 
protected against otherwise fat.il doses of .inthrax bacilli by previously inject- 
ing them with filter-sterilized fluid from the edematous tissue of local anthrax 
lesions The immunizing substance in this material was termed “aggressin” 
because when mixed with virulent anthrax cultures it had the effect of in- 
creasing their virulence The nature of this substance is unknown but appar- 
ently It acts by inhibiting phagocytosis When injected alone an antagonistic 
substance, an “anli-aggrcssin,” is supposed to be jiroduced and to be resjion- 
sible for the heightened resistance 

Anthrax aggressin has been made on a commeicial scale but it ajipears that 
the immunity produced is not always sufficiently strong to protect, and the 
cost of production is quite high For these reasons the product is seldom used 
at the present time 

Comparative Efficiency of Anthrax Biologies. A study of the comjiaraiive 
value of the various products for producing immunity in previously unex- 
posed animals was made a few years ago by the United States Dcjiartmenl of 
Agriculture (2) The findings indicated that spore vaccines, particularly when 
they were injected intradcrmally rather tli.in subcutaneously, are the most 
effective agents for producing active immunity to anthrax Well-marked im- 
munity was also obtained with anthrax bactenn (washctl culture) and an- 
thrax spore vaccine in sajionin Aggressin svas found to be inferior to the 
products named above, and bactenn made from whole culture (broth) had 
practically no value. Anti-anthrax scrum immunized quickly and satisfac- 
torily but the duration of the immunity naturally was short 

Treatment of Anthrax in Man. Anthrax in man may assume any of three 
forms, VIZ (a) the skin or cutaneous tyjTC (malignant carbuncle), (b) the 
pulmonary form (wool-sorters’ disease), or (c) the intestinal form The sec- 
ond and third forms of the disease arc usually rapidly fatal and it is unlikely 
that any kind of treatment would be effective, although possibly serum 
may be of value if the diagnosis is made early The cutaneous form is the 
more frequent and it is less fatal Without treatment the mortality is about 
50 per cent 

The modern treatment of malignant carbuncle is to abstain from surgical 
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procedure and to depend largely upon the efficacy of anti-anthrax serum. For 
human use, Eichhorn, Berg and Kelser (i) prepared a concentrated serum by 
precipitating out the pseudo-globulin fraction by methods similar to those 
used in the manufacture of diphtheria antitoxin. A highly potent product was 
thus obtained since it appears that all of the immunizing material exists in 
this fraction. The use of this serum, and similar sera, has reduced the mortal- 
ity of malignant carbuncle in man to a very low figure. 

Local Immunity in Anthrax. Local immunity in antlirax has already been 
discussed on page 27 It remains here merely to call attention to the phenom- 
enon Besredka in 1919 made the claim that the skin was the only organ sus- 
ceptible to anthrax infection, and furthermore, th.it this organ was the only 
one capable of building up a protective mechanism, that the process could 
be developed without the formation of demonstrable antibodies in the body 
fluids, and that whatever antibodies were developed were of minor imixir- 
tance so far as protection of the host was concerned All of these facts have 
been contested and it is doubtful if they can be sustained Nevertheless, what- 
ever the explanation may be, it appears fairly ttrt.iin from the results of the 
work of a considerable number of Euroj-iean workers, that immunisation 
to anthrax can be readily obtained, [lerhaps more easily than by subiu- 
taneous injeetion, by in|ccting the ordinary vaccines intradtrmally Very 
small quantities of vaccine are used, but it is claimed that the protection given 
IS more rapidly produced, and more certain than when the materials are in- 
jected in the ordinary way 

Chemotherapy in Anthrax. There has been some interest of late in the treat- 
ment of anthrax in man by chcmieal means and apparently there is reason 
for some optimism in this direction Several cases have been reported which 
were successfully treated with ntosalvarsan (neoarsphenamine) and others 
with sulfanilamide alone; others were treated with these drugs supplemented 
by anthrax serum. Lucchesi and Gildersleeve (4) report the treatment of 67 
human cases without a fatality by various combinations of these methods 
It must be remembered, however, that man is not highly susceptible to an- 
thrax and undoubtedly a consider.ible number of these cases would have re- 
eovered if they had been untreated There are no records of such treatment of 
domestic animals Mitchell, Walker and McKirchner (5) attempted to pro- 
tect guinea pigs from anthrax with sulfanilamide but this species is very sensi- 
tive to the drug and the necessary blood level proved toxic to them The 
authors conclude, however, that sulfanilamide undoubtedly controlled the 
infection temporarily and that this gives hope that in species which can tol- 
erate the drug better, it may be useful. 
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CHAPTER XIV 


THE BRUCELLA GROUP 


BRUCELLA ABORTUS 

Synonym!) Bacillus abortus , Bacterium aboitiim, Alcali genes abortus. Bang’s 

bacillus 

This organism is the causative agent of the majority of cases of infectious 
abortion <if cattle, a disease now generally known under the name of Bang’s 
disease to distinguish it from sporadic cases of infectious abortion caused by 
other organisms It also produces abortion in sheep and c\i>erimentally in 
guinea pigs and rabbits It has liecn found in the uterine content of an abort- 
ing mare and in an aborted human fetus, but apparently the organism does 
not play an important role in abortions in either of these species It has been 
found in chickens and in dogs but there is no evidence that the infeetions in 
these animals arc either fret|ucnt or important It has also been found in 
hygroma of the knees of cattle, and in inflammations of the buisac located 
beneath the two attachments of the ligameiiitim nuchae in the horse which 
result in fistulous withers and “poll-evil,” rtsjicctivclv 

The organism produces a generalired disease when injected into guinea 
pigs, rabbits, mice, and rats, and there is clcai evidence now at hand to indi- 
cate that a similar disease occurs in man through the drinking of infected 
milk, and from contact with the organism in discharges of infected cows The 
organism was first tlescribcd by Hang (i) (Cojienhagen) m 1897 It was first 
recogmved in this country by McNeal and Kerr (6) in 1910 

Morphology and Staining Reactions. Brucella aboiuts is a small, Gram- 
negative, non-spore-forming rod It is frequently so short as easily to be mis- 
taken for a coccus In CAudates it is frequently found in clumps but other- 
wise the characteristic arrangement is singly It sometimes grows intracell- 
ularly It stains with the ordinary stains but with some difficulty 

Cultural Features. The organism was first cultivated by Bang and Stribolt 
in a mixture of .agar and gelatin contaimng scrum This mixture is not neces- 
sary, in fact the organism grosvs fairly well in ordinary infusion agar without 
enrichment. Dextrose .igar and glycerin agar arc used by some in preference 
to ordinary agar A little serum enhances the growth. Liver agar is regarded 
bv some as an especially favorable medium 

IJO 
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Using the Liborius method, Bang and Stribolt discovered, after several 
days incubation, a zone of colonies about 5 mm below the surface of the 
medium. No growth occurred on the surface nor deeper in the medium. 
After several transfers the organism finally acquired the property of growing 
on the surface and thereafter grew readily with no special attention on ordi- 
nary agar slants. 

For a long time it was considered that the organism required a concentra- 
tion of oxygen below that of the atmosphere Being neither aerobic in the 
ordinary sense, nor anaerobic, it was classed as a micro-aerobic or micro- 
aerophilic organism In 1921, 

Huddleson (5) showed that it 
was not the oxygen of the at- 
mosphere which affected the 
growth but rather the carbon 
dioxide tension If a closed ves- 
sel containing the cultures is 
partially exhausted of air, and 
CO2 introduced to give a con- 
centration of the gas amounting 
to about 10 per cent, luxuriant 
growth of the organism occurs 
irrespective of the amount of 
oxygen present, so long as the 
free oxygen is not completely 
eliminated 

Prior to the time of Huddle- 
son’s discovery, it had been the 
practice in most laboratories to “lower the oxygen tension” in containers in 
which Br abortus was to be grown by connecting them with other containers 
in which Bacillus subtilis or other active aerobic bacteria were growing, a 
method introduced by Nowak in 1908 (7) Later it was discovered that 
a method introduced by Preisz in 1902 served practically as well This consisted 
merely in using containers in which there was relatively little air space and 
sealing them hermetically. In both instances the CO^ content rises because of 
the respiratory activities of the b.icteria and probably of viable tissue cells 
which usually are introduced simultaneously with the bacteria in the inocu- 
lum These methods are more haphazard than Huddleson’s, and although 
they generally will succeed, the latter method is preferable 

The organism grows rather scantily in fluid media, producing a faint cloud- 
ing Carbohydrates are not fermented. Gelatin is not liquefied The organism 
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Will multiply in milk but produces no visible changes in it. On blood agar 
there is no effect on the blood cells. Colonies on solid media, are smooth, shiny, 
and translucent. 

Resistance. Br abortus is not very resistant to disinfectants nor to sun- 
light and drying Putrefaction destroys it rather quickly. When protected 
from complete drying it m.iy retain its vitality for several months 

Pathogenicity 

FOR CATTLE Thc organism was first found by Bang in the utero-chorionic 
space of a cow in which abortion was impending A brownish, pasty, non- 
odorous exudate is to be found there The organisms usually are present in 
pure culture Many are enclosed in thc protoplasm of epithelial cells Smith 
(9) has shown that these cells are derived from the outer of the fetal envelopes, 
the chorion. Thc chorion presents dull, later thitkencd, leather-likc areas, due 
to the multiplication of this organism Generally this membrane is edematous. 

It IS apparent that thc organism induces an inllammaiton of this membrane 
and that the circulation of the fetus is interfered with and this, no doubt, 
explains why the act of abortion occurs. The organism may also be found, 
generally in pure culture, in the alimentary tract and in the lungs of aborted 
fetuses. The other tissues of thc fetus usually arc sterile The location of the 
organism suggests that it had been taken into the fetus by the swallowing of 
the amniotic fluid rather than through the blood sirc.im The fetus usually 
shows a dropsical condition, a fact which also points toward a circulatory in- 
terference. After calving or abortion thc organism does not usually persist 
long in the uterus It may be recognised for a few days but later it seems to 
disappear It 1$ thought by some that the fetal membranes represent the only 
medium on which the organism thrives; hence, when the membranes disap- 
pear, the organism disappears also 

Besules the pregnant uterus, thc organism is frequently recognized in an- 
other organ, the udder The lymph nixies adjacent to the udder and uterus 
arc usually infected when these organs are infected Occasionally the organ- 
ism may be found in some of the other organs of thc body but lesions are not 
induced and it is probable that they harbor the bacilli only for a short time 
In bulls, infection of thc epididymis and testicle sometimes occurs In these 
cases abscessation usually develops and thc organs are destroyed. 

A rather high percentage of infected animals develop infection of the udder, 
and It IS in this organ that the disease maintains itself in the host from one 
gestation period to the next. The infected udders cannot be detected clinically 
but the organism may be isolated by inoculating the milk into guinea pigs. 
Experience has shown that non-pregnant animals which have high agglu- 
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tmin titers toward antigens made from Br abortus usually have one or more 
infected quarters m their udders Such animals usually arc carriers for life. 
A few animals are able to throw off the infection Udder infection with mem- 
bers of the Brucella has considerable public health significance because of the 
organisms which are discharged in the milk 

Br aboitus may occasionally be isolated from tbc lymph nodes of the 
digestive tract and from the spleens of cattle No lesions may be recognized in 
these organs. It appears probable that the organism is located in these organs 
transiently It likewise may be isolated occasionally from the blood stream 

When calves are fed upon infected milk the organism can he found in the 
lymph glands of the digestive canal but, within a few weeks after the infected 
milk IS withdrawn, it generally disappears Until sexual maturity is reached, 
the genital organs seldom become infected ('alfhood infection, therefore sel- 
dom results in permanent infection 

Mode of Infection. The infection of cattle prob.ibly occurs most often 
through the ingestion of infected diseharges of aborting animals, although 
It has been shown experimentally that cattle can easily be infected through 
the mucous membranes of the eye and this may be an important avenue of 
infection Another possible entry of infection whith should not be over- 
looked is the skin, either through slight abrasions or through unmpired por- 
tions Hardy has shown that small animals may be infected through the un- 
injured skin 

Infections of cows may occur by way of the genital tract cither from the 
semen of infected bulls, or by contamination from sound bulls which recently 
have served infected cows Bulls, likewise, arc probably infected by serving 
cows which are discharging bacilli in their genital secretions 
The Disease of Guinea Pigs Caused by Inoculation with Brucella abortus. 
The most reliable method of detecting Br abortus in infected materials is 
by the inoculation of guinea pigs The ch.aractcr of tbc disease in this animal 
assumes importance because of this fact 

The early workers claimed that the small lahor.itory animals could not be 
infected with Bi abortus. 1 his idea was corrected by Smith and Fabyan in 
1912 (10) These workers found that a chronic disease, somewhat resembling 
tuberculosis, cx-curred as a result of in|ectinns of the organisms in pure culture, 
or when milk naturally infected with the organism was used for inoculation. 
This work also solved a problem which Smith had studied in 1893 in which 
tubercle-like lesions occurred in guinea pigs which had been injected with 
market milk but in which the tubercle organism could not be found A good 
description of the character of the lesions in guinea pigs is given by Fabyan 

( 3 ) («9i2) 
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The organisms are usually found in greatest numbers in the spleen of the 
infected animals This organ may remain normal in appearance and yet har- 
bor numerous organisms, it may be nodular, or it may be enormously en- 
larged and engorged with blood As was shown by Smillie (8) (igi8), the 
number of organisms in the spleen reaches its height in about three to four 
weeks after in)eciion, irrespective of the number of organisms in the inocu- 
lum. The lesions at this time are not yet fully developed, the greatest develop- 
ment being reached only after six weeks to three months Organisms may be 
recovered from infected spleens months after inoculation although the num- 
ber present may be rather small 

The Diagnosis of Bang’s Disease 

1. cLiNirsL MEANS Thc prcsciicc of an infectious abortion may be deter- 
mined by simple observation Inasmuch as there arc causes of abortion other 
than the Br aboitiis, it is not possible to be certain that this organism is the 
cause of the trouble 

2 . RECOGNITION 01 THE BR ABORTUS 

(a) In the aborted fetii< Direct cultures, properly made, will usually demon- 
strate thc Br aboitus in the stum.ich content, thc intestinal content, or 
in thc lung tissue 

(b) In the placenta Direct smears from the outer surface of thc chorion, espe- 
cially from thc margins of the characterisiic thickenings, will usually 
suffice to make a positive diagnosis without the necessity of recourse to 
cultural methods The organism cKcurs free, also enclosed m epithelial 
cells. It IS these tells choked with minute organisms which can be recog- 
nized with ccrtaiiU), even though many other bacteria may have invaded 
the placenta in the meantime For a description of these b.icteria-choked 
cells see Smith (9) (1919) Thc character of the placental lesions is so 
clear as to be nearly pathognomonic without even applying a simple mi- 
croscopic examination See H.igan (4) (1926) 

(c) In the uterine exudate After abortion or calving, when the placenta has 
been infected, the Br. aboitus is present in the lochia and may be recog- 
nized by guinea pig inoculation Within a few days, however, the organ- 
ism seems to disappear, and usually cannot again lie found in the uterus 
until the animal is again pregnant and reinfection of the organ occurs 

(d) In mtll^ When the udder is infected, the Br abortus can be readily de- 
tected by the intraperitoncal in)ection of milk into guinea pigs. 
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(e) In abscesses Direct cultures from abscesses of the testicle and epididymis 
usually give pure cultures of the organism. 

3 SEROLOGICAL TESTS Both the agglutination and the complement-fixation 
tests are used successfully for diagnosis, however, since the accuracy of the 
agglutination test apparently is as great as the more complicated complement- 
fixation, It IS favored by most laboratories 



Fig 20 Localisation of Brm.ctta abortus in the Bovine Placenta Epithelial cells of the 
chorion, greatly swollen and packed with bacilli The nuclei arc pyknotic After Theo- 
bald Si.iilh (Courtesy of The lournal of Expeitmeiilal MiJuinc ) 

(a) Agglutmatton Test The test is usually conducted with blood scrum, but 
the plate test can be done with whole bitiod Milk can he used but 11 is 
better to curdle the sample with rennet and use the whey for the test. 

Two methods of conducting the test are in common use The tube or 
“slow” method is regarded as the standard procedure, but the plate or 
“rapid” method is accepted by many states m disease-control work. In 
competent hands, the rapid test probably is as reliable as the standard 
method The plate test gives results sooner than the tube test, but so far 
as the operator’s time is concerned it is doubtful if the rapid test is more 
economical. 
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The Tube Test. Blood samples are obtained by bleeding the animals from 
the jugular vein The blood is allowed to clot, and the serum to separate. 
The serum is mixed, in small test tubes, witb a suspension of a specially 
selected strain of Br. abortus suspended in a carbolized salt solution. In- 
creasing dilutions of serum are placed in successive tubes beginning with 



Eic 21 Infection of the Bocine Placenla with Brucella ahottus The surface shown 
IS that of the chorion This membrane normally is thin and transparent Here it is trans 
formed into a thick, opaque, yellowish white, leather like membrane coscred with granu- 
lar debris The fetal cotyledons are necrotic, this being evidenced by the fact that they 
are yellowish in color and filled with granular exudate In an earlier stage of its develop- 
ment, the lesions of the chorion consist of edema and dull granular thickening of the 
surface epithelium from these early lesions it is possible to demonstrate the bacilli choked 
cells shown in Fig 20 They cannot be found in such ads anced lesions as the ones shosvn 
here 

a dilution of i 25, and doubling the dilution in each successive tube, viz.: 
I 25, 1 50, 1 : 100, 1 . 200. Complete agglutination in dilutions of i too and 
higher may be considered as positive, and lack of agglutination, or agglu- 
tination no higher than i 25, as negative. Reactions in dilutions of 1 50 
and no higher should be considered as suspicious, and judgment should 
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be based upon the history of the animal and of the herd in which it has 
lived, or another test should be done three weeks later in which case the 
status of the animal is usually cleared up Infected cows in the last several 
months of the gestation period often do not react. If cows in advanced 
stages of pregnancy are brought into uninfected herds it is advisable to 
segregate them until a second blood test is obtained about three weeks 
after calving or aborting 

The Plate or Rapid Test The old shde lest, used in many laboratories for 
identifying newly isolated cultures, has been adapted by Huddleson for 



Fk. 22 The Macroscopic or Tube Agglutination Test for Bang's Disease Two tests 
are represented here The four lubes on the left contain serum dilutions of i 25, i 5 ^*, 
I 100, and i 200 respectively This serum is negative (devoid of agglutinins), indicated 
by the fact that the bacteria remain in suspension The lubes on the light contain the same 
dilutions of a strongly positive serum, indicated by the fact that the bacteria have Hoicu- 
fated and settled to the bottom leasing the fluid perfectly clear 

dealing with Bang’s disease The antigen is a very heavy suspension of 
specially selected strains of Br. abortus stained with gentian violet and 
brilliant green to make the tests more easily read The preparation of this 
antigen requires great care in order that it will have the proper degree 
of sensitiveness It is standardized so that it should give results com- 
parable to those of the tube method 
The test is done on a glass slide or plate Special apparatus is not nec- 
essary although a simple box fitted with a plate glass cover and contain- 
ing a shielded electric lamp to supply illt'mination and warmth, is 
desirable The plate is marked off in squares for convenience. Using a 
o 2 cc, pipette graduated to 01 cc. the following quantities of the undi- 
luted serum under test is pipetted on the glass plate, each quantity into 
a different square o 08 cc , 0.04 cc , o 02 cc., o 01 cc., o 005 cc. Immediately 
afterwards one drop of the concentrated antigen is added to each lot of 
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serum, and mixed with it by means of a toothpick, using a new mixer 
for each sample and mixing the dilutions in turn beginning with the 
greatest dilutions to avoid carrying over enough serum to alter the con- 
centrations appreciably. The reactions can be read immediately in many 
cases, but it is advisable not to make the final reading until at least 8 min- 



utes have elapsed, since some 
samples agglutinate rather 
slowly If the antigen has been 
properly standardized, the di- 
lutions used will give results 
comparable to those of i 25, 
1 50, 1 too, 1 200, and 1 400, 
respectively, in the standard 
tube lest 

Apparently a fair degree of 
accuracy can he obtained bv us- 
ing whole blood 111 this test in- 
stead of serum The whole 
blood method has been used for 
testing range cattle, when it is 
desired to hold the animals in 
chutes until the results are 


Kic 21 I he Rapid nr Plate AggluUna 
non Test Tins test may be sontiucleil on an 
ordinary micru-slidc or a piece of window 
glass If iiianv arc coinluclcd 11 is consciiicnt 
to use a special Ixis, such as the one depicted 
here II is made of ssood. panned black in- 
side and out A {Kiriion of die lop consists 
of a glass plate, marked into si|uares The 
serum and aniigen dilutions art made on 
tins plate A lungetl cover tan be iloscd tiver 
the tests to retiticc the cvaporilion ot fluid 
from the serum-antigen mixitires An eltclric 
lamp on one side ot the inicrior of the Ixix 
provides oblique illiiminalion, vvliich faeili- 
tates reading ot the icsis, and it also provides 
warmth which I astens the reactions 

test differs in di/Terent laboratories 


known A drop of blood is col- 
lected on a glass slide from an 
incision in the end of the tad A 
drop of antigen is mixed with 
the blood and the results are ob- 
tained in a few minutes This 
method cannot be expected to 
have the accuracy of the serum 
test, because the presence of 
blood cells naturally interferes 
with the reading of the tests 

(b) The Complement-Fixation 
Test The technique of this 

When properly controlled, the test 


agrees in most instances with the agglutination test The discrepancies 
that occur usually are with sera of low titer Inasmuch as the agglutina- 
tion test has proved to be wholly satisfactory, and since it is much simpler, 
in practical work it has replaced the complement-fixation test. 
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4. ALLERGIC TESTS. Many have attempted to diagnose Br abortus infection in 
man and animab by means of skin tests. Reference to these tests for man will 
be made later So far as animals are concerned, none have proved reliable. 
The test materials have consisted of suspiensions of heat-killed bacilli, culture 
filtrates, and various extracts of the bacillary bodies The term abortin was 
applied to some of the earlier extracts made for this purpose; of late they 
have been known under the general name of brucellin. These extracts gen- 



Fin 24 Die Rapid or Plate Agglutination Test for Bang’s Disease I'wo tests are de- 
picted, tour dilutions of serum being tested in each case These correspond to dilutions of 
t 25,1 50,1 100, and I 200, respectively, reulinglroiii left to right The s.imple above is 
negative, the one below is posilivc in all dilutions Slightly riduvul 

erally have been administered iiitradermally, in some cases they have been 
introduced into the conjunctival sac 

Immunity 

NATURAL IMMUNITY. Calves, infected in utero or from their surroundings 
after birth, remain infected, ordinarily, for only a short time unless they are 
raised on infected milk or kept in the presence of the infection Within sev- 
eral weeks from the time they arc removed from the presence of the infection, 
they usually free themselves of it and develop into uninfected cattle It is not 
until the animal reaches puberty, becomes pregnant, and the udder begins to 
function, that danger of serious results appears 
Adult animals which have never been in the psescnce of the infection are 
the most easily infected and the most likely to abort when infected An ani- 
mal which has aborted once, or has been infected once as an adult, even though 
she may not have aborted, is not so readily infected a second time. A degree 
of immunity develops, therefore, as a result of an infection which has been 
overcome. This immunity frequently is not suiHcient to prevent a second 
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abortion, or even a third or a fourth As a rule most animals, after one or two 
abortions, will thereafter carry their calves to full term, even though they 
may remain infected 

There appears to be a considerable amount of variation in the resistance of 
individual cows to the infection. Some animals ap(iear to be wholly resistant 
to natural and artificial infection even though their blood contains no anti- 
bodies, while others can be infected easily and rei^eatedly 

ARTIFICIAL IMMUNITY 

(a) The use of bacterin or killed cultures 

Cultures of Br abortus, killed with heat or chemicals, have been exten- 
sively tried as a means of increasing the resistance of animals to Bang’s 
disease. The method is not harmful but the immunity produced is not 
solid or lasting Usually the cultures are in)ected at intervals beginning 
before the animals are bred and toiuinued throughout the gestation 
period The method has practically been abandoned at the present time. 

(b) The use of living virulent cultures 
On adult stocl{ 

Live cultures of Br abortus have long been used for artificially immu- 
nizing animals against Bang's disease Earlier fully viiulent cultures often 
were used, these usually being administered sometime before the animals 
were bred, with the expectation that the organism would be eliminated 
before they became pregnant These vaccines often caused udder infec- 
tions and permanent carriers, and it is claimed that breeding efficiency 
may be lowered by sucli treatment However, when the abortion rate in 
herds is high there is no doubt but that the rate is appreciably lowered 
It IS doubtful whether this method of handling the disease is ever justi- 
fied In any case, there certainly is no justification in using such vaccines 
unless It has been definitely proved that the herd is heavily infected with 
the disease Biologic manufacturers in the United States no longer arc 
permitted to distribute virulent cultures for use as vaccines. 

(c) The use of attenuated living cultures. 

The fact that cattle could be immunized against the ravages of Bang’s 
disease by the use of living cultures has prompted a number of workers 
in the past to seek non-viruicnt strains which might serve as immuniz- 
ing agents while lacking the undesirable features of the virulent strains 
None of these seekers attained any considerable measure of success until 
Cotton and Buck (2) of the U S. Dcjtartment of Agriculture introduced 
their Strain 19 This strain, which fails ordinarily to produce lesions in 
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guinea pigs, was tested on cattle and found to be non-pathogenic for this 
species also. Many other workers have studied it and it now seems 
quite dear that Strain ig is indeed quite harmless to cattle and that it 
confers, for a few months at least, an appreciable degree of resistance to 
natural infection. This strain was furnished to commercial biologic pro- 
ducers and IS the only strain of Br. abortus now permitted to be sent into 
interstate traffic in the United Suites for use as a vaccine for cattle 
At present it is recommended that this vaccine be used only on calves 
between 4 and 8 months of age, but a grcai many adult cattle nevertheless 
are being treated with it When used on young calves the animals usually 
become blood reactors (1 e, develop agglutinins) but the agglutinins 
usually disappear before the animals are of breeding age When the cul- 
ture IS used on older cattle, the agglutinins do not disappear so regularly 
and so soon. The fading of the blood reaction is accompanied by the dis- 
appearance of the vaccine culture from the animal’s tissues It will be 
recalled that young calves are quite resistant to virulent cultures given 
in this way, hence it was no surprise that the vaccine strain was eliminated 
so readily Such animals unquestionablv have much greater resistance to 
natural infection than unvaccinated animals, they do not often become 
carriers of the vaccine strain longer than a few months, and the vaccine 
strain apparently is not eliminated with tlic milk, and if it were, there 
is no evidence to indicate that it would be dangerous to man Vaccination 
does not give sufficient protection to wholly protect .til animals Some 
vaccinated calves, living m an infected environment, develop into blood- 
reacting adults but most of these animals do not actually abort It is quite 
clear, in these cases, that the cause of the persistent blood rcai tion is not 
the vaccine strain but virulent strains from the environment against 
which the vaccine strain has failed to fully protect 

Control Measures. Two methods of controlling the ravages of Bang s disease 
in herds of cattle are available One of these aims at eliminating the disease 
by repeated agglutination tests at short intervals and eliminating the reacting 
animals Usually several tests at 30 to 60 day intervals are necessary to do this, 
and the premises must be thoroughly disinfected on each occasion when re- 
acting animals arc removed After all reacting animals have been removed, 
the owner must be exceedingly vigilant to prevent re-entrance of the infection 
in his herd, especially with purchased animals 
The second method of controlling Bang’s disease in herds is by means of 
vaccination programs. By lessening the susceptibility of young stock by calf- 
hood vaccination, the disease tends to dimmish gradually It is doubtful 
whether vaccination will often succeed in eliminating the disease from herds. 
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but after it has reduced the incidence to a low figure, recourse can be had to 
the agglutination test to remove the few remaining infected animals. 
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BRUCELLA SUIS 

Synonyms Porcine type of Brucella 

In the Rcjxjrt of the Chief of the Bure.-iu of Animal Industry, U S Depart- 
ment of Agriculture, for 1914 (p 30) there is a reference to the isolation of 
Brucella abortus from a swine fetus The one who made the isol.ition and 
identification was not named Dr John R Mohler, the chief, later identified 
the individual as Dr. Jacob Traum 

For some years it was tliought that this organism was identical with the 
one found in tattle, although several observers nottd that the organism of 
porcine origin appeared to be more virulent for guinea pigs than the one 
commonly found in cattle The lesions in this animal caused by the bovine 
strain are proliferative in character while those due 10 infection with the 
porcine organism arc both prolifciaiivc and degenerative, 1 e , the swine 
org.inism ctimmonly causes abscess formatum while the bovine docs not The 
bovine organism usually will not destroy the guinea pig, or only after a num- 
ber of months have elapsed, whereas the porcine v.iriety will frequently cause 
death svithin tsvo or three weeks A common occurrence in guinea pigs in- 
oculated with the porcine variety is the foiination of abscesses behind die 
eyeball causing the eye to be protruded from the socket 
It was noted by Traum, and the observation has been confirmed by all who 
have worked with the porcine type of Biucellu, that the organism will grow 
readily in ordinary atmosphere from the first generation In other words, the 
peculiar COj requirements of bovine strains are not shared by those from 


swine. 
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Moqihology and Staining Reactions. These are identical with those already 
described for Br abortus. It is impossible to distinguish between the Brucella 
morphologically. 

Pathogenicity. Brucellosis of swine occurs in various parts of the United 
States but it is not so widely distributed as the disease in cattle. There is very 
little of It ill the eastei n part of the United States The main centers in this 
country seem to be in the north central states (Iowa, Missouri and Illinois) 
(6), and in California (3) (4) The disease also occurs in several European 
countries but it does not appear to be very prevalent in any of them (7) 
When porcine infections were first recognized and for a considerable time 
afterwards it was assumed that swine became infected through association 
with cattle, or by the drinking of infected cow's milk It is now known that 
Br abortus, the bovine type, has little or no virulence for swine and that Br. 
suis IS transmitted almost exclusively from pig to pig (1) It is true, however, 
that Br nits sometimes infects cows and that it may be eliminated in the milk 
of these animals This creates the possibility that swine infeelion might be 
contracted from cow’s milk, but it is not likely that this situation often exists. 

In some herds of swine Br suts causes severe losses fiom abortions In 
others the disease is manifested prineip.illv by orchitis in the hoars, the testes 
becoming greatly swollen and finally necrotic In other instances the disease is 
manifested by arthritis, in still others by necrosis of the bodies of the vertebrae 
(sfjondylitis) usually of the lumbar and s.icral regions | Feldman and Olson 
(2)], a condition in which symptoms are usually .ibsent and which is mani- 
fested only by positive agglutination tests Ihomsen (7) elanns that there are 
cases in which there are no svmpuims or gross lesions In gcneial the disease 
in swine presents a picture more like that seen in man and guinea pigs, the 
infection being generalized, rather than like that seen in cattle in which the 
infection is restricted to the genital organs (5) Labor.itory methods of diag- 
nosis are the same as those used when Ur abortus is sought For the agglu- 
tination tests blood usually s obtained from an ear vein Vaceines have not 
been successfully employed. 
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BRUCELLA MEUTENSIS 

Synonyms Micrococcus melitensis. Bacterium melitensis. Caprine type of 
Brucella, 

This organism is a type of Brucella which has become adapted to living in 
goats. The infection was first found on the Island of Malta, later in many 
parts of southern Iturope (south of the 46th meridian) The disease has ob- 
tained a slight foothold in the south-western part of the United States where 
apparently it was brought in with milking goats from Mexico An outbreak 
occurred in southern 1 exas in 191 1, and another m Arizona in 1922 Attention 
was called to the disease in each case by the appearance of the infection in 
man 

Morphology and Staining Reactions. Bi melitensis characteristically grows 
in the form of a shorter rod than the other types The form may be described 
as coccoid For many years it was regarded as a micrococcus, and this explains 
in part why the relationship of this organism to the other Brucella was recog- 
nized SO late Its staining characteristics are the same as those of the other 
Brucella 

Pathogenicity. The disease in the go.it appears to be quite like the corre- 
sponding infection in the cow Abortions sometimes occur and udder infec- 
tions frequently occur, the animals then becoming milk-shedders of the organ- 
ism In most instances the efTect upon the goat herd is so slight that the disease 
IS overlcxiked until human infections occur Diagnostic methods are the same 
as those used for the other Brucella infections. 

DIFFERENTIATION OF THE BRUCFLLA 

In ordinary cultural characters and morphology, there are no features 
which will distinguish the three Brucella from each other Neither can one 
depend upon the host from which the organism has been isolated, for, like 
the tubercle bacilli, none of the organisms are confined to their native hosts, 
thus the porcine variety may be found in cattle, and all three may be found in 
man A number of workers have been studying methods of differentiating 
these varieties, and procedures are now available by which most strains can 
be identified with reasonable certainty Some of the more important of these 


are: 
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(a) agglutinin-absorption. This procedure was suggested by Meyci and 
Shaw when straight agglutination tests were found to have little or no 
value. According to Huddleson, agglutinin-absorption will not distin- 
guish between the porcine and bovine varieties, and the caprine cannot 
always be distinguished from the bovine. This method has limited value. 

(b) hydrogen sulphide formation According to Huddleson (6), the por- 
cine variety produces hydrogen sulphide continuously for at least four 
days of incubation, the bovine variety will produce it for only two days, 
and the caprine (melitensis) fails to produce a detectable amount. This 
test IS difficult of control for variations in the amount of avaihible sulphur 
compounds in the medium modifies the results obtained, and several 
workers have declared the method unreliable 

(c) SUGAR UTILIZATION McAlpioc and Slanetz (0) have shown that Br. 
abortus uses little or no dextrose when that sugar is present in the medium 
whereas mehtensu and sms utilize from 4 to 18 per cent of the available 
supply (1%) Old strains arc apt to lose the .ability to utilize sugar 

(d) dye BACTFRiosiASis Huddlcson (5), in 1028. devised a system of differ- 
entiation by means of dyes which stems to have bttn rather generally ac- 
cepted as being reliable The dyes are added to a liver infusion agar Basic 
fuchsin and thionin (certified dyes only) are used in final dilutions of 
I 50,000, methyl violet in a dilution of i 100,000 On these dye-media, 
the porcine variety is completely inhibited by the fuchsin and the methyl 
violet, but IS not affected by the thionin On the thionin containing 
medium, the bovine organism is completely inhibited while the other 
two organisms are unaffected The caprine variety is not appreciably af- 
fected by any of these dyes The scheme of separation is thus as follows 

TABLE VIII 

GROWTH OF BRUCEIXA TYPES IN DYE MEDIA 


Strain 

Mc-thvl \io!ct 

Futh^n 1 

Thionm 

Br abortus 

+ 

+ i 

- 

Br suis 

- 


+ 

Br melitensis 

+ 

+ 

+ 


+ = growth, - - no growth 

(e) gaseous requirements Recendy isolated strains of the bovine variety 
require an increased CO, tension for the initiation of growth Neither 
the porcine nor caprine varieties have this requirement 
(r) VIRULENCE FOR GUINEA PICS. The porcioe variety is much more virulent 
for these animals than the other two types. 
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(g) virulence eor man and apes. For man and monkey the bovine type of 
Brucella is definitely less virulent than the other types The melitensis 
type has been looked u(ion as the most virulent for man, but it is doubtful 
whether its virulence is any greater than that of the porcine type Both 
arc capable of producing severe human infections 

UNDULANT FEVER OF MAN 

For more than a century a disease of man has been known in the Mediter- 
ranean countries of Europe characterized by fever, chills, night sweats, and 
great weakness The causative agent of the disease was finally found in the 
blood of patients by David Bruce (i), a British military surgeon The organ- 
ism which was isolated was named Micrococcus melitensis Since the work 
was done on the Island of Malta, the disease became known as Malta Fever. 

The source of the infection was not discovered for nearly twenty years, al- 
though It was realized that the infection was not directly contagious from 
man to man A commission, headed by Bruce, in 1904 discovered that the 
blcKid of many of the milking goats on the Island of Malta contained agglu- 
tinins for the Malta Fever organism The organism was then sought and it 
was stxin learned that infection was widespread in these goats, and that the 
organism was secreted in the milk The goats showed little evidence of the 
infection, but their milk was very dangerous for persons who had not become 
immunized to the infection by drinking it from early life The army and n.ivy 
personnel, sent to the island from other parts of the world, suffered greatly 
from the disease, whereas the natives seldom were effected. 

The organism of Malta Fever has been known since 1886, that of cont.ngious 
abortion of cattle since 1897, and that of swine abortion since 1914 The re- 
lationship of swine abortion to that of cattle was seen from the beginning, 
but It was not until 1918 that it became known that these two organisms had 
any relationship to the one of M.ilta Fever The reasons for this are simple. 
In the first pLicc Bruce described the Malta Fever organism as a ctxicus, and 
Its relationship to caprine abortion was not appreciated In the second place, 
most of the active work on bovine .abortion was done in parts of the world 
where the Malta Fever org.inism was not known, consequently there were 
few workers who had worked with both organisms 

In 1918, Alice Evans (2) showed for the first time that the organisms were 
so alike as to be disttnguish.ible only by serological means The work of Miss 
Evans was confirmed by Meyer and Shaw (1919), and the suggestion was 
made that the Malta Fever and the .ibortion-producing organisms be grouped 
together under the name Brucella, in honor of Bruce who discovered the first 
member This suggestion has met with general acceptance. 
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The discovery of the close relationship of the organisms of this new group 
immediately raised the question anew as to whether the abortion organisms 
might not at times be pathogenic for man In 1924, Keefer (8), in Maryland, 
reported a case of a Malta-fever-like disease occurring in a man who had not 
been exposed to Malta fever so far as could be determined Miss Evans de- 
termined the organism isolated from this man to be Bi abortui, rather than 
Br melitensis Since that time several thousand cases of undulant fever in 
man have been found in the United States and elsewhere, due to infections 
derived from cattle and swine rather than from goats The disease apparently 
IS widespread and has in the past been undiagnosed, or wrongly diagnosed 
as typhoid fever, para-typhoid fever, la grippe, ete 

It IS clear now from the work of many that ilie undulant fever complex 
may be induced in m..n by any of the three types of Bmctlla In the United 
States the caprine disease is rare in goats ami in man Except for several very 
restrteted areas in the southwest where the goat disease uecurs, human infec- 
tions arc caused by the other two types In the eastern part of the Untted 
States, infections are almost exclusively from cattle, but in some of the mid- 
western states the majority of eases arc of porcine origin. 

1 he principal sources of human infeitioiis, so far as they are known, are 
as follows 

(a) Br melitensis Most infections occur through the drinking of infected 
goat’s milk, although it is likely that infections may occur by direct con- 
tact with other secretions of the infected goats 

(b) Br abortus The fact that this organism has occurred for many years in 
nearly all market milk has caused many to be skeptical that hu.nan cases 
could be due to the drinking of such milk, the feeling being that more 
cases of the disease should have occurred, ihan have occurred Since the 
medical profession has become interested in this problem, however, it 
has become apparent that the disease is by no means as rare as was thought 
several years ago It is now apparent that many undiagnosed illnesses, 
many of slight consequence, are really mild cases ot undulant fever It is 
probable that a large number of rural people have suffered, at some time 
in their lives, with undulant fever and have developed an immunity to 
the disease. It should be remembered also, thjr a large portion of the 
urban population of the country drink only milk which has been pas- 
teurized and eonsequently are protected against this organism since it 
does not survive pasteurization It is probable also, that a great many 
people possess enough natural resistance to protect them against the rela- 
tively small dosage of organisms contained in the mixed milk of dairies 
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harboring the infection. Whatever the explanation may be for the appar- 
ent failure of all but a small percentage of the population to contract the 
infection by the consumption of infected raw milk, the fact is now clear 
that many cases of undulant fever are due to the ingestion of infected raw 
cow’s 

Data collected in the United States and elsewhere agree that undu- 
lant fever may occur at all ages, but the greatest number of clinically rec- 
ognized cases occur in the age groups between 20 and 45 years Young 
infants, who consume far more milk, proportionally, than adults are 
seldom affected with a clinically recognized form of the disease There 
is also a marked difference in the distribution of the disease between the 
two sexes, males making up from 65^4 to more than 75% of the cases In 
spite of this fact there is no evidence to indicate that males arc more sus- 
ceptible than females. Considering only those cases which had had no 
direct contact with livestock. Hardy found that the distribution between 
men and women was even The explanation for the larger incidence of 
the infection in men lies in the fact that undulant fever may be contracted 
by direct contact with the secretions of animals following the act of abor- 
tion, or by contact with infected fetuses, or infected fetal membranes, and 
to these hazards men, naturally, arc more exposed than women In Iowa, 
Hardy (^) found that nearly 90 per cent of the cases occurring on farms 
were in men In most c.ises it was not determined whether the infection 
came from cattle or from swine, and since most of the men probably had 
contact with infected animals of both of these species, undoubtedly many 
suis infections were in the group Veterinarians in practice in the country 
make up a group of persons who have especially frequent contact with 
the discharges of aborting animals It would be expected that this group 
would show a larger incidence of the dusease than others Some cases 
have occurred in this group but in general it appears that the number of 
clinically recognized cases among veterinarians have been no greater 
than among others who have contact with farm animals Thomsen, in 
Denmark, and Huddlesoii (4) in America, have studied the blood of 
veterinarians in country practice for the presence of agglutinins specific 
for the Brucella group, and have found that a comparatively large per- 
centage react positively although most of them have no record of having 
ever had the syndrome of undulant fever. 

(c) Br. SUIS Epidemiological evidence indicates that infection of man from 
swine may occur either from contaa with infected animals on the farm, 
or from contact in the slaughter house with the fresh ussues of infected 
animals. In Iowa, where the swine infection is common. Hardy has 
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shown that the slaughter house is the origin of many human infections. 
Infected cattle carcasses seldom cause infections Whether the difference 
IS because of the greater virulence of the porcine type for man, or because 
a bacteremia frequently exists in slaughtered swine, while it does not 
occur so frequently in cattle, is an unanswered question. In all probability 
both factors have an influence. 

Frequent infections of man, apparently contracted by association with 
animals rather than by the consumption of animal products, led Hardy 
to investigate the possibilities of infection occurring through the un- 
broken skin, or through slight wounds of the skin Using guinea pigs, 
he caused infection of 18 per cent hy feeding, 80 per cent by applying the 
organisms to the skin which had had the hair clipped, 90 per cent by ap- 
plying the organisms to the shaved skin, and 100 per cent by applying 
the organisms to the shaved and abraded skin Colton and Buck have 
experimented with the possibility of causing infection of cattle by drop- 
ping suspensions of the organism in the eye and have shown that animals 
may easily and regularly be infected in this way They also produced in- 
fection regularly in cattle by dropping pure cultures on abraded areas 
of the skin, and m a number of cases hy dropping cultures on normal 
skin, due precaution being taken in every case to make certain that the 
animals could not get the infection into their mouths by licking the 
treated areas Although the matter has not been tried on man, it is prob- 
able that infections can occur through skin wounds, or even through the 
intact skin It is quite certain that they may occur through intact mucous 
membranes 

Diagnosis of Human Infections. The diagnosis of human infections often 
is exceedingly difficult because the symptoms freciuently arc not typical. The 
agglutination test mav be used but it must be interpreted with caution, be- 
cause infected individuals do not always react, especially early in the course 
of the disease, and agglutinins, when piesent, may be the result of a previously 
unrecognized infection 

Blood cultures, when positive, are diagnostic, but the isolation of the organ- 
ism from blood is usually difficult and sometimes impossible 
Skin tests have value. Huddleson (7) reports successful application of such 
a test to man for the diagnosis of undulant fever He uses a nucleo-protein 
fraction of Br abortus He was unable to differentiate between active cases of 
the disease, and recovered or **scnsitized” persons, hence the test alone has 
limited application. Those that do not react are considered as uninfected and 
probably susceptible to infection Reactors may lie actively infected, or im- 
mune. 
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In differentiating between actively infected and immune persons, Huddle- 
son (7) has found a determination of opsonic activity toward the causative 
organism of value The fresh hl(x>d of the patient is citrated (0.8 per cent), 
mixed with a heavy suspension of Br abortus, incubated for thirty minutes, 
and spreads made on slides These are stained and counts made of the num- 
bers of bacteria ingested by the polymorphonuclear leucocytes. Normal 
opsonins are inhibited by the citrate so that the blood of individuals that have 
had no contact with the infections show practically no phagocytosis. 

The test is conducted as an adjunct to the skin test. When the skin test is 
positive and the phagocytic test positive, the individual is considered to be 
immune or at any rate recovering from infection When the skin test is posi- 
tive and the phagocytic test negative, the individual is considered to be suffer- 
ing from an active infection. 
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BRUCELLA BRONCinSEFTICA 

There is considerable doubt as to the proper classification of this organism. 
In cultural features it has many characters in common with the Brucella al- 
ready described (7), but the character of the disease produced is quite differ- 
ent. It IS more than likely that when more is known about these organisms, 
Br bronchtsepttca will be reclassified In placing it in the Brucella group, the 
lead of Topley and Wilson, and of Bergcy, is being followed. 

This organism was first described by Ferry (3) (4) in 1910. It was isolated 
from the upper respiratory tract of a dog which was suffering from distemper, 
and was believed to be the cause of that condition. 

Morphology and Staining Reactions. Br bronchtsepttca is a small. Gram- 
negative bacillus, not unlike the other Brucella in appearance It differs from 
the others, however, in being motile by means of jjentrichic flagella. 
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Cultural Features. The principal features are quite like those of Br. abortus 
except that it does not have its COj requirements, and it grows a little more 
rapidly on culture media Like the other Brucella it does not ferment any of 
the carbohydrates Characters in which it differs from other Brucella arc the 
following" 

(a) Litmus milk supports growth and the medium becomes progressively 
more alkaline. 

(b) On jxitato the organism generally grows quite well producing a tan- 
colored growth which ages into a brown 

(c) It IS hemolytic for rabbit and guinea pig corpuscles. 

(d) Freshly isolated cultures generally will produce a rapidly fatal disease 
in guinea pigs when injected intrapcntoneally. 

Pathogenicity. Br hionchiseptica is encountered frequently in broncho- 
pneumonias and other respiratory infections in rodents (rabbits, guinea pigs 
and rats) as well as in dogs, cats and occasionally men. In animal houses of 
research laboratories, cj'idemics of pneumonia caused by this organism fre- 
quently cause serious trouble (7) When guinea jugs are used in research 
work as a means of detecting Brucella of the abortion group, care must be 
taken not to confuse this organism, which may siiontaneously apjiear, with 
the others. The cultural characters of Br bronchticpuca are sufficiently like 
those of Br abortus or Br sms to mislead even an experienced worker Since 
Br bronchisepttca in young cultures is actively motile whereas the otheis arc 
non-motile, a simple hanging drop often will clear up doubts 
Ferry (3), McGowan (6) and many others regarded this organism as the 
cause of the highly fatal and widespread disease of dogs which is known as 
canine distemper Carre (i), and a few others, contested this view claiming 
that distemper was caused by a virus and that the bacterial agent of Ferry was 
nothing more than a secondary invader The work of Laidlaw and Dunktn 
(5) finally settled the matter by showing that canine distemper is a virus dis- 
ease, and that the disease occurs in the complete absence of the bacterial agent. 
These findings relegate this organism to a minor position so far as canine dis- 
temper IS concerned but they do not prove that it is ot no importance in canine 
pathology It has been clearly shown to be pathogenic, to be capable of setung 
up serious respiratory infection in the dog in the absence of virus (8), but its 
greatest role undoubtedly is in producing complications in the virus disease, 
in particular the broncho-pneumonia which so often is the immediate cause 
of death 
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Immunity. Br bronchtseptica cross agglutinates partially with the other 
Brucella, as was shown first by Evans (2) This should be remembered by the 
laboratory worker who runs blood tests on guinea pigs for detecting agglu- 
tinins for Br abortus or Br. suis 

Prior to the time of Laidlaw and Dunkin’s work, antiserum for Br bronchi- 
sepUca was available for use on dogs suffering from distemper Reports on 
these products are exceedingly conflicting It is apparent that such sera could 
not have had any effect Ufxin the distemjicr virus, but it is probable that 
they may have favorably influenced the secondary infections. Suspensions of 
killed cultures of Br broncbtsepticiis arc used by some veterinary practitioners 
in conjunction with other biological prexiucts for treating canine distemper 
and Its compltcations. Their value has not been clearly est-iblished. 
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CHAPTER XV 


ORGANISMS, OTHER THAN BRUCELLA, AS- 
SOCIATED WITH ABORTIONS IN ANIMALS 


The great majority of all abortions in cattle are caused by infection with 
Br abortus but this organism has little importance in other species Sporadic 
abortions occur in all species In some instances the causative agents have been 
found and incriminated, in many instances they have not It is probable that 
sporadic abortions often are not caused by infections but by physiologic dis- 
turbances caused by nutritional disorders, glandular dysfunctions or other 
obscure causes 

In addition to the Brucella, epizootic abortions sometimes aie caused by 
Vtbrto fetus in cattle and sheep, and by Bactenum abortivo-eqmnus and pos- 
sibly by a filterable virus in horses Sporadic abortions have been credited to 
a considerable number of organisms, some of which will be described below 

VIBRIO FETUS 

In 1913, McFadyean and Stockman (2), in an extensive report on cattle 
abortion, referred to a form of abortion which had been discovered in Eng- 
lish sheep, and which was shown to be caused by infection with a spirillum 
Several herds of cattle were found infected with the same organism In 1918, 
Theobald Smith (3) found the disease in this country in cattle and the follow- 
ing year Carpenter (i) found it in sheep It has since been seen by a number 
of workers in different parts of the country The disease docs not seem to be 
highly prevalent, however, either in sheep or cattle 

Morphology and Staining Reactions. In infected tissues, the organisms arc 
seen as comma-shaped or S-shaped bodies, occasionally as longer spirals In 
young cultures the organisms arc short, but in older cultures very long spirals 
are seen, many of them extending a considerable p.art of the way across the 
microscopic field Granules may often be demonstrated by Gicmsa or other 
polychrome stains It is motile by means of a single polar flagellum It has no 
capsule and does not form spores It stains readily with ordinary dyes and is 
Gram-negative. A detailed descripuon of this organism is given by Smith 
and Taylor (5). 
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Cultural Features. Vtbno fetus may be cultivated by any of the methods 
which succeed with Br abortus, although it is a much more delicate organism 
than the latter, and its growth in primary cultures is so meager that it may 
very easily be overlooked McFadyean first cultivated it in tall tubes of serum 
agar which were inoculated while liquefied. Growth appeared in a zone be- 
neath the surface in the manner of Br abortus Like the Brucella the organism 
IS strictly aerobic but will not grow in open tubes unless they are incubated in 
an atmosphere of increased CO^ content Smith succeeded in obtaining cul- 
tures in tubes which were hermetically sealed with wax. 

Primary cultures are most readily obtained on serum agar slants which are 
incubated in an atmosphere of to per cent CO2 After several days’ incubation 
at 37° C growth may be seen as exceedingly delicate, bluish, hazy films which 
push their way downward from the water of syneresis on each side between 
the layer of agar and the wall of the tube Slight clouding of the water of 
syneresis may be seen although this usually is hardly noticeable On primary 
cultures no growth is evident on the surface of the agar slant After a few 
transfers the strains usually grow a little better, causing opalescence of the 
water of syneresis and sometimes even producing a bluish film on the agar 
surface 

In fluid media growth usually is very meager, even when the culture has 
become adapted to arttfittal cultivation In serum-broth a little opalescence 
may be produced Growth in milk occurs meagerly without changing its ap- 
pearance Gelatin is not liquefied None of the sugars is fermented 

Resistance. Cultures arc exceedingly hard to maintain unless they are given 
constant care. Evidently the resistance of this organism is not great 

Pathogenicity. Vibrio fetus is non-pathogenic for laboratory animals After 
intraperitoiieal inoculation of guinea pigs, the organism often will survive for 
three or four days and may then be re-isolated from the spleen There are no 
lesions evident and later the organism disappears. This method has been used 
to isolate this organism when mixed with other bacteria, as, for example, when 
It occurs in a soiled placenta 

The lesions in the fetal membranes of cattle arc very similar to those pro- 
duced by Br abortus infection It is assumed that the mechanics of their pro- 
duction are identical, 1 e., interference with the circulation of the chorion 
Definite lesions in the fetus are not seen but vibrios usually can be cultivated 
and sometimes detected miLroscopic.ally in the stomach content and in the 
lungs because of the habit of the fetus of swallowing the amniotic fluid which 
contains organisms. 
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Immunity. Little is known about immunity m this disease. It has been noted 
in both cattle and sheep that the disease tends to die out Sometimes this hap- 
pens abruptly, a single disastrous season being followed by no further evi- 
dence of the disease Whether or not this is a result of immunization is not 
known. 
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BACTERIUM ABORTIVO EQUINUS 

Infectious abortion tn mares is a serious problem in some horsc-breeding 
centers. As in cattle there appears to be more than one agent responsible for 
these happenings but the most common agent is an organism belonging to 
the Salmonella group and known as Bacterium {Salmonella) abortivo-equi- 
nus This organism is described on page 192. 

Abortions occur in some horse-breeding establishments in Kentucky that 
arc not associated with the organism )ust mentioned nor with anv other organ- 
ism, so far as has been determined Dimock and Edwards regard ^hesc abor- 
tions as caused by a filterable virus Anderson and Goodpasture have culti- 
vated this virus by a special method. The disease and us causative agent are 
discussed on page 624 

SPORADIC ABORTIONS IN CATTLE 

In 1920 Theobald Smith (4) detected and isolated a mold {Mucor spp.) 
from a diseased chorion in a bovine uterus obtained from a slaughter-house. 
From the conditions present Smith concluded that abortion had been impend- 
ing. The spores of the organism produced focal lt->ions in rabbits following 
intravenous inoculation Cattle were not inoculated In 1925, Gilman and 
Birch (i) reported the finding of a Mucor in several cases of abortion in < at- 
tic on a single farm. These animals were negative to the agglutination test for 
Br, abortus and other tests indicated that the Bang’s bacillus had nothing to 
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do with these cases. The mold was isolated from the intestinal tract of the 
fetuses Pregnant cows, free from Bang’s disease, which were inoculated in- 
travenously with the mold culture, developed infection of the fetal mem- 
branes and one animal aborted as result of the disease. 

It IS assumed that the organisms found by Smith, and by Gilman and Birch 
were identical but the descriptions given do not permit one to judge, since 
neither studied their organisms in any detail Smith stated that the organism 
with which he worked resembled Mucor rhtzopodiformis (Lichtheim) very 
closely. Gilman and Birch evidently believed that their organism was of the 
same species as Smith’s. 

Molds other than mucors have been isolated from the placentae of aborting 
cattle It IS probable that some of these were the cause of sporadic abortions. 

Reference is made on page 240 to abortions in cattle caused by avian tu- 
bercle bacilli (Myeohactertum tuberculosis, avian type). According to Plum 
(3) such abortions are not rare in Denmark but oddly enough no cases of 
this type of infection have ever been reported from the United States, in parts 
of which avian tuberculosis is quite common In these cases there is a chronic 
tuberculous metritis When such animals become pregnant, the infection ex- 
tends into the fetal membranes producing lesions which grossly arc not unlike 
those caused by the Bang b<i(.illus Such cows tend to abort repeatedly, the in- 
fection carrying over in the uterine wall between gestation periods 
Graham, Hester and Levine (2) recently isolated an organism belonging 
to the Listeria group from a premature bovine fetus This organism appar- 
ently IS Listeria monocytogenes, which is most commonly found in cattle 
m infections of the nervous system (See page 206) With the culture these 
workers produced abortion in 10 days in a pregnant cow by intravenous in- 
oculation, and the organism was rc-isolated from the fetal membranes 
Sporadic abortions, not caused by any of the agents which have been 
discussed above, occur in many herds of cattle The causes of these abortions 
remain obscure 
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CHAPTER XVI 


THE PASTEURELLA GROUP 


In 1880 Pasteur (12) described the organism which causes cholera in fowls 
Later it was learned that the fowl cholera bacillus could not be differentiated 
culturally from the organisms of rabbit septicemia, of swine plague, and of 
hemorrhagic septicemia of cattle. The apparent identity of these organisms, 
and the similarity of the diseases produced by them in the various animal 
species led Hueppe (5) in 1886 to group them unde- one name, Bact septice- 
nnae hemorrhagicae Trevisan (14), the following year, projxised that the 
several disease-producing agents be recognized as separate species but that 
they be grouped in a single genus Patteurella, named in honor of Pasteur 
Lignicres (9), in 1901, applied the name Paiteurelloses to the group of diseases 
caused by these organisms, a name which has come into rather common use 
In addition to the hemorrhagic septicemia organisms, several others have 
been added in more recent years These arc similai culturally to the hemor- 
rhagic septicemia organisms but the diseases produced arc of a ciuite different 
type Two of these are the causative agents of diseases of rodents which are 
transmissible to man Pasteurella pestts is the cause of bubonic plague of man 
which has its natural reservoir in rats, and Past tularcnse, is the cause of 
tularemia which occurs principally in wild rabbits Past pseudotuberculosis 
causes a disease of guinea pigs and other rodents but is not pathogenic (or 
man 

The Hemorrhagic Septicemia Organisms 

For many years it has oecn recognized that the cultural and biochemic 
features of the pasteurella organisms isolated from birds, cattle, swine, sheep, 
rabbits, reindeer, American bison, and other wild animals were essentially 
identical In spite of this, most authors have preferred to follow the lead of 
Flugge (i), who in 1886, proposed to set up a different species for each host 
affected by them Under this plan the following species became known: 

Pasteurella avtsepttca The cause of fowl cholera 
Synonyms Bacterium choierae galUnarum, Bacillus avmda 
Pasteurella sutsepUca The cause of swine plague. 

Synonyms. Bacillus suisepticus. Bacterium sutetda 
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Pasteurella leptsepttca. The cause of snuffles, pneumonia and septicemia in 
rabbits. 

Synonyms Bactenum cuntcultada, Bacillus of rabbit septicemia. 
Pasteurella bovtsepttca. The cause of hemorrhagic septicemia of cattle. 

Synonyms Bacillus bovtsepucus, Bacterium bipolare multocidum, Bac- 
terium of Wild- und Rmderseuche 

Pasteurella oaisept/ca. The cause of pneumonia and hemorrhagic septicemia 
in sheep 

Synonym ■ Bacillus ovisepticus 

In view of the fact that these organisms cannot be differentiated from each 
other on any basis now known, including serological tests, Rosenbusch and 
Merchant (13) recently have proposed again, as Hueppe and Kitt had done 
many years ago, that the hemorrhagic septicemia organisms of the various 
animals be recognized as a single species Since Kitt (8) was the first to make 
the suggestion, they propose that the name of the species be Past multocida, 
derived by eliminating the middle name of the trinomial Bacterium bipolare 
multoadum which was proposed by him. This seems logical and is being 
adopted here. 

Many years ago, Moore (10) found members of the hemorrhagic septi- 
cemia group present on the mucous membranes of the respiratory tract of ap- 
parently normal cattle, sheep, swine, dogs, and cats These observations were 
confirmed by Jorgensen (7) in cattle One of the strains isolated by Jorgensen 
was tested on a cow after finding it of unusual virulence for rabbits It proved 
to be highly virulent for the animal, destroying it with typical pasteurella 
pneumonia in three days following spraying of the culture into the nostrils 
The majority of the strains isolated from mucous membranes of cattle were 
non-pathogenic, but this is not surprising since the majority of strains derived 
from acute infections of cattle show little virulence for rabbits and other ex- 
perimental animals. 

PASTEURELLA MULTOCIDA 

As explained above this name is adopted for all of the hemorrhagic septi- 
cemia organisms, the strains found iii chickens, cattle, swine, sheep and other 
animals being regarded as a single species 

Morphology and Staining Reactions. These are very small ovoid rods meas- 
uring about 0.3 microns wide by 0.4 to 0 5 microns long. When seen in care- 
fully stained films from tissue, the ends of the rods are more deeply stained 
than the central portion, giving to them a distinct bipolar appearance. This 
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characteristic is not so marked in bacilli from cultures, and in any case, it may 
be easily obscured by oveistaining Wright's or Giemsa’s stains are recom- 
mended for demonstrating it, although careful staining with methylene blue 
usually IS satisfactory In fresh material, unstained, the bi{X)lar appearance 
usually can be seen Pasteur referred to the fowl cholera bacillus as his “figure- 
of-eight bacillus.” 

The Pasteurella are Gram-negative and non-spore-forming. Many strains 
form capsular substance when 
freshly isolated but this pr<jp- 
erty usually is quickly lost 
Cultural Features. Organisms 
of this group are easily culti- 
vated on ordinary infusion agar 
although growth is never very 
luxuriant Media made from 
meat extract is not suitable un- 
less enriched with a little blood 
or serum. 

In infusion broth growth is 
manifested by slight clouding 
and a viscid sediment Growth 
in broth is greatly increased by 
the addition of a few drops of 
sterile serum 

On agar the surface colonics 
usually appear as small, trans- 
lucent “dew drops” although 
there are some di/Iercnccs in 
colonial appearance among these organisms depending upon whether the or- 
ganism IS in the “smooth” or the “rough” form The rough type colonies arc 
more opaque and less glistening than the smooth Deep colonics appear as 
minute pm points. On blood agar plates the colonies develop a little larger than 
on plain agar The blood is not altered except that some strains may exhibit a 
slight greenish haze around the deep colonies. Gelatin is not liquefied. Milk 
supports growth but is only slightly changed; the li'-mus usually changes from 
a blue to a violet color Indol is usually produced. Dextrose and sucrose arc fer- 
mented with acid but no gas production Lactose, maltose, and salicin are not 
attacked by most strains Mannitol is not attacked by some. Most strains are 
not soluble in ox-bile; a few are easily dissolved. Toxins are not formed. 
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Resistance. Cultures of the Pasteurella die out quickly and transplants must 
be made at least twice each month Cultures dried on cover-glasses in the air 
but protected from light usually die in less than 24 hours. Cultures also are 
easily and quickly killed with all ordinary disinfectants Some authors have 
thought that these organisms lived widely as saprophytes It is clear that many 
of them live on normal mucous membranes but it is doubtful if they thrive 
elsewhere. 

Pathogenicity. Of the experimental animals, rabbits and mice are highly 
susceptible to inoculation Guinea pigs and rats are resistant The patho- 
genicity of diflerent strains for these animals varies enormously Certain 
strains injected subcutaneously will kill rabbits and mice overnight In these 
animals the bkxid and tissues are teeming with bipolar bacilli Other strains, 
even when freshly isolated, will cause only an edematous swelling at the point 
of inoculation but after a few days the rabbit begins 10 emaciate and it dies 
after a week or more In these instances the pleural cavity is filled with fluid 
and fibrinous material and the lungs are pneumonic, the affected portions 
being very solid In still other cases the edematous area may disappear after 
a few days and the animal shows no further effect of the inoculation It has 
been our experience that strains from fowl cholera and swine plague usually 
are highly virulent, those from cattle and sheep are v.iriable, a great many of 
them being practically aviruleni for experimental animals (Sec discussion of 
Past hemolyttca below). 

The naturally tKcurring hemorrhagic septicemias seem to be diseases of 
devitalization Presumably under conditions of lowered vitality, organisms 
which already arc being carried by the animals on their respiratory mucous 
membranes are unleashed and assume a pathogenicity which they formerly 
did not possess Once the disease begins in a herd or flock, it is likely to spread 
rapidly 

Some of the well recognized predisposing factors in the several pasteurelloses 
are’ 

Fowl cholera Poor sanitation and ventilation of buildings, too much crowd- 
ing of birds 

Rabbit septicemia Poor sanitation and crowding 
Swine Plague Usually accompanies hog cholera 

Hemorrhagic septicemia of c.attle and sheep Exposure to cold, wet weather, 

shipping and driving long distances 

The naturally occurring diseases seldom spread to species of susceptible 
animals other than the one in which the infection started That is to say, an 
outbreak in chickens seldom spreads to cattle or to sheep, even though they 
may be in intimate contact with them, and the cattle disease will not spread 
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to sheep or birds If the strains of organisms concerned in outbreaks are iso- 
lated and injected into other species, however, often they prove capable of 
producing acute fatal septicemic diseases Thus certain cultures isolated from 
birds are capable of producing rapidly fatal septicemia when inoculated intra- 
venously into horses, cattle, sheep, rabbits, and white mice. Gouchenour (2) 
isolated an organism from an outbreak of hemorrhagic septicemia in Amer- 
ican bison in Yellowstone National Park which proved highly pathogenic 
for nearly all species of animals in which its virulence was tried 

FOWL CHOLERA, thc pastcurcllosis of birds, affects chickens principally, although 
ducks, geese, and swans have also been affected. In many cases the disease is 
peracute In these instances the poultryman first becomes aware of trouble 
in his flock by the finding of many dead birds under the roost in the morning 
In most cases the bird lives for several days It is depressed, refuses food and 
develops a watery diarrhea In some cases the disease lasts much longer 
Hendrickson and Hilbert (^) were able to cultivate the Pasteurella organism 
from the blood stream of affected chickens in many cases several days be- 
fore death, in several cases for as long as a week or more, and in one case 
for as long as 49 days On the duck “ranches" of Long Island, cholera often 
takes heavy toll of the ducklings which are raised in large numbers on small 
areas of ground under poor hygienic conditions 

RABBIT SFJ>TicEMiA may bc very acute with hardly any prcmonilory symptoms. 
Thc organism may be found in large numbers in the blood after death. The 
most common form of thc disease is less acute, the disease taking the form of 
a fibrinous pneumonia. The lungs arc very solid, in these casts, and the pleura 
IS covered with heavy deposits of fibrin Snuffles is the common n ime applied 
to a milder infcctum of the upper air passages The external nares and the 
eyes are plastered with a muco-purulent exudate Thc animals have difficulty 
in breathing The noises made by a colony of affected animals are character- 
istic and thc source of thc name These cases frequently end in fibrinous 
pneumonia and death 

SWINE PLAGUE usually consists of a fibrinous pneumonia accompanied in some 
cases by septicemia. The lungs present a characteristic appearance quite sim- 
ilar to those seen in the other hemorrhagic septicemias of mammals. The 
anterior and sometimes the diaphragmatic lobes ’re involved The lung sur- 
face IS covered with a scro-fibnnous exudate and a turbid fluid usually is en- 
countered in the pleural cavity Thc mvolved lung tissue is solid and mottled 
in color, some lobules being dark red in color and neighboring ones gray- 
ish. The interlobular connective tissue usually is filled with sero-fibnnous ma- 
terial and thus is quite conspicuous. 
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HEMORRHAGIC SEPTICEMIA OF CATTLE AN'D SHEEP usually takcs thc pCCtOral OP 
pneumonic form and is similar to that described in swine A septicemic form 
has been described but apparently seldom occurs except when animals arc 
inoculated with very virulent cultures such as that of Gouchenour which was 
derived from Yellowstone buffalo This strain when inoculated into animals 
produced a tremendous local reaction followed by septicemia manifested by 
multiple hemorrhages in all tissues, high fever, and early death. 

It IS not uncommon to find pure, or nearly pure, cultures of PaUeurellae 
in various pneumonic processes in calves Some of these are almost surely sec- 
ondary to other organisms such as the Actinomyces actinotdes of Theobald 
Smith, and many suspect that in other cases one or more viruses may be pri- 
marily concerned with the Pasteurella playing a secondary role Strength is 
given to this idea by the facts that thc organisms present have little pathogenic- 
ity, as a rule, when injected into other calves, and that similar organisms are 
found on the mucous membranes of apparently normal calves. 

PASTEURELLA HEMOLYTICA 

Jones (6) in 1921 studied the organisms found in an outbreak of hemor- 
rhagic septicemia in a large herd of cattle, together with a few cultures from 
cattle in other herds The strains in the large herd were collected over a pcritxl 
of several years, during which there had been a sharp outbreak of disease in 
adult animals and an outbreak among the calves The strains were found to 
fall into three groups which were designated I, II, and III. 

Group III of Jones is only slightly different from Group II and one of the 
groups was regarded as a variant of thc other These groups possess the 
characters which have been described under the name of Past mttUocula The 
organisms of Group I, however, possessed characters quite different from 'he 
others, and Jones expicssed the belief that this group deserved a special species 
designation but did not offer a name for it Later, Newsom and Cross (11), 
who found this group to be imixirtant in sheep, suggested the name with 
which this section is headed. 

Pasteurella hemolytica occurs in pneumonia in cattle and sheep producing 
a process which is not distinguishable from that caused by Past multocida 
In most cultural features it is not distinguishable from the latter Thc dis- 
tinguishing feature which is responsible for its name is the fact that horse 
and cow blood cells are hemolyzed Around deep colonics on blood plates 
there are narrow zones of Beta type hemolysis This organism does not pro- 
duce indol In addition to the sugars fermented by Past multoctda, lactose 
and maltose are fermented by Past hemolytica This organism appears to 
possess low pathogenicity for laboratory animals. 
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niMUNmr to pasteurella infections 

For immunization against the pasteurelloses a number of products have 
been used with success. The first of these was the vaccine of Pasteur for fowl 
cholera, of historical importance since it was the first bacterial vaccine used. 
His method of using a living attenuated culture now has been abandoned. 

1. Bacterins. Cultures of the specific organism arc killed with heat or chemi- 
cals. They are used on cattle and sheep some time before it is intended to ship 
them, since it is at the time of shipment that the grc.it danger from the disease 
appears To be effective they should be adminisltrcd from two to three weeks 
before the shipping date to allow time for antibodies to form Some have 
advocated the use of this product on herds m which the disease is raging, but 
this IS theoretically wrong, and the reports of success .ire not convincing. 
There is a considerable difference of opinion, as a matter of fact, as to whether 
bacteiins arc useful in immunizing cattle which later arc to be shipped There 
are many reports of failure of such methods 

Outbreaks of cholera in chickens often can be stopped by a single injection 
of bacterm into all stock Bacterins have been used very successfully in con- 
trolling cholera in ducklings (4) 

2. Aggressin. Weil produced aggressin by injecting rabbits inirapleurally 
with fowl cholera bacilli, collecting the exudate which formed in the cavity 
and sterilizing it with chemicals When injected into rabbits and hens it con- 
ferred a solid immunity against otherwise lethal doses of virulent culture 
given several weeks later In this country, Gouchenour (2) in 1924 produced 
an aggressin with a Pasteurella which he had isolated from an American 
bison and which jtroved to be unusually virulent for most of the domestic ani- 
mals Calves were inoculated with pure cultures anti the fluid in the large 
edematous area which formed subcutaneously at the injection point was used 
to make the .tggressin For a time such aggressin was marketed by a num- 
ber of commerci.il comjtanies in the United States but its jiopularity was 
short lived and it is doubtful if it is now available 

3. Immune Serum. Two kinds of immune sci um are available for treating 
cattle The one which is known as homologous is made by immunizing cattle, 
the other is made from horses The homologous serum has the advantage that 
there is no danger of serious scrum reactions which sometimes are seen when 
horse serum is given to cattle Otherwise, so far as is known, the one is as 
good as the other 

Large doses of serum are useful in treating the disease in its early stages, 
and in smaller doses it will protect animals that are exposed When cases 
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appear in a herd it is advisable to take temperatures on all animals and ad- 
minister serum to all which show abnormal elevations. Since the serum is 
relatively expensive this procedure is more economical than using serum on 
all animals not showing symptoms. 
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Members of the Pasteurella Group not Associated 
with Hemorrhagic Septicemia 

PASTEURELLA FESTIS 

This organism is the cause of plague or pest of man. This disease in past 
ages spread lime after time over Europe from its endemic centers in Asia, 
destroying millions of people and spreading terror to the population. The 
disease became known as the black death. In the warmer climates the disease 
usually assumes the bubomc form, so called from the swollen lymph nodes, 
known as buboes, which characterize it. In colder climates the disease is apt 
to take the pneumomc form, a much more fatal and contagious type 
Bubonic plague is not a disease of any of the domestic animals. It occurs 
naturally in rodents, especially in rats, in which the disease spreads rapidly 
at times In rats the disease is quite similar to that in man and the mortality 
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is about as great The infection spreads from rat to rat, and from rat to man, 
through the agency of the rat flea In recent times it often has been observed 
in plague centers that great human epidemics have been preceded by great rat 
epidemics. 

In addition to rats, the disease also occurs naturally in marmots, ground 
squirrels and other rodents Unlike the rat, these creatures often live in areas 
sparsely inhabited by man When plague spreads in such areas, it is known 
as the sylvattc form In some of the wild animals which do not live in close 
association with man, plague has a much greater tendency to assume the 
more highly contagious pneumonic form, than it does in the rat, and it ap- 
pears that the disease contracted from them by man is also more likely to 
assume the pneumonic form 

Plague exists in a half dozen areas of the world, known as plague centers 
With the exception of one African and one American center, the others are 
in Asia, especially in the region of the Himalaya Mountains The American 
center took origin in San Francisco where infection was brought in with 
oriental rats in igoo In spite of a relentless warfare by public health officials 
against rats, the disease continues to smolder in the Bay Region of California 
in rats, and has spread among ground squirrels to at least five of the western 
states, where it constitutes an ever present threat to man Since the relation- 
ship of man with ground squirrels is not nearly so intimate as with rats, the 
disease of man in this country has usually been sporadic 

Morphology and Staining Reactions. The plague bacillus is a little larger 
than the organisms of hemorrhagic septicemia but otherwise resembles them 
very closely Organisms in tissues usually measure about 05 microns by i 5 
microns. They may be readily stained with ordinary stains and tne bqKilar 
appearance is easily demonstrated if diluted stains arc used. The organism is 
Gram-negative and capsules are not ordinarily developed In media con- 
taining 3 per cent salt solution great pleomorphism is exhibited and this char- 
acteristic is used for diagnostic purjxiscs 

Cultural Features. The growth on most media resembles that of the hemor- 
rhagic septicemia organisms but is a little more luxuriant. Colonies on agar 
become a little larger, and they develop a little more rapidly Gelatin is not 
liquefied, milk is slightly acidified but not coagulated Indol is not formed. 
Acid but no gas is formed from dextrose, levulose, maltose, galactose, and 
mannitol Lactose, saccharose, dulcitol, raffinosc, and inulin arc not attacked 
The organism grows best at temperatures somewhat below that of the body. 

It grows poorly when the temperature is below ao° C. and above 38° C. It is 
non-hemolytic and docs not form a true toxin. 
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Control Measures. In dealing with plague, dependence is largely placed 
upon warfare on rats Rat proofing of buildings, wharves, and ships has done 
much to keep the disease down, and to prevent its spreading to parts of the 
world where it has not previously existed Shipping from plague centers is 
subjected to cyanide fumigation before disch.irging cargoes in plague-free 
areas in order to destroy the rats which may have found their way aboard. 
Modern steel ships also are built so as to be rat proof, or so that rats will find 
few places to hide. 

Immunity. Many vaccines have been used in preventing plague in man The 
most widely used of these is Haffkine’s vaccine m which virulent cultures are 
grown for several weeks and then killed with heat and phenol This vaccine 
contains the products of autolysis of the organism as well as intact bacilli It 
has been used very successfully in India .is a prophylactic procedure. There 
are no products of demonstrated value for use in treating the disease 
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FASTEURELLA TULARENSE 

This organism is the cause of tul.iremia, otherwise known as deer-fly fever, 
rabbit-fever, and Ohara’s disease The diseasc affects various rodents, especially 
the wild cottontail rabbit, and occasionally certain birds and sheep Man be- 
comes infected from some of these animals cither through direct contact 
with them or their carcasses, or through the agency of ticks or blood-sucking 
flics. 

The disease was first recognized in ground squirrels in California by 
McCoy (6) in 1911 These animals become fatally infected, the lesions re- 
sembling those of bubonic plague with which it was at first confused McCoy 
and Chapin (7), in 1912, isolated and described the causative organism 
Some years later Francis identified the organism as the cause of a serious 
disease of man in Utah It was Francis (2) who gave the name “Tularemia” 
to the disease, the name being derived from Tulare County, California from 
whence came the ground squirrels with which McCoy was working when 
the disease was discovered For some years it was thought that the disease was 
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confined to the United States It is now known that it exists in the Scandi' 
navian countries, in Soviet Russia, and in Japan In these countries, as well 
as in the United States, the disease has become of considerable importance as 
a human infection. 

Morphology and Staining Reactions. This organism is much more pleo- 
morphic than any of the others included in this group In cultures bacillary 
forms up to 2 and even 3 microns in length may be seen (3occoid forms usu- 
ally are mixed with the bacillary types Polar granules sometimes can be seen 
but these do not regularly occur The organism is Gram-negative, stains with 
the usual stains. It has neither capsules nor spores 

Cultural Features. Past tulcuense will not grow on ordinary agar or in 
plain bouillon Media containing cystine is necessary ( 3) This may be sup- 
plied by adding egg yolk, or hy .idding salts containing cystine to ordinary 
types of culture media Francis recommends a blood-glucosc-cystine medium 
for this organism 

On suitable media. Past tularense develops readily, forming a smooth, 
VISCOUS, grayish-white growth It does not lujuefy gelatin, grows poorly m 
milk It forms acid but no gas from dextrose, levulost, and glycerin 

This organism tliffers considerably from other members of the Pastcwella 
group It IS doubtful whether 11 should be included It 1$ included for con- 
venience rather than from conviction 

Pathogenicity. The guinea pig is easily infected with this oiganism, and 
therefore is frec]uently used in diagnostic work A generalizerl, fatal disease 
develops in which the most striking lesions arc multiple necrotic areas in the 
liver and spleen Great care must be taken when working with this disease for 
many laboratory workers have contracted the infection (5) Apparently the 
organism is capable of entering the unbroken skin. 

The only domestic animal which is affected with this disease is the sheep. 
Parker and Dade (9), 1929, have rcjxirtcd severe losses in lambs pastured on 
land in Montana which is he.ivily infected with wood-ticks, and have shown 
that It IS this tick which carries the infection The ticks become infected, of 
course, by feeding ujion wild rodents in which the disease is enzootic 

The greatest reservoir of tularemia in the United States is in the wild rabbit 
population, especially in many of the midwestern states It is from the han- 
dling of the carcasses of such rabbits that most of the human cases in this 
country originate A few cases are contracted from the bites of blood-sucking 
insects which have fed upon infected rabbits (4) The organism sometimes 
becomes prevalent in water holes and in small streams, it being spread from 
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the bodies of infected water animals such as water rats and beaver (i). Hu- 
man cases have been reported from contact with such water (8). 

Immunity. One attack of tularemia gives a very solid and lasting immunity 
Individuals who have suffered from the disease develop agglutinins which 
persist for long periods — ^stimetimes for many years after all symptoms have 
disappeared These agglutinins will react with Brucella abortus, and Brucella 
agglutinins will react with the organism of tularemia, and this is something 
which should be kept in mind when using serological tests for diagnosis 
Usually the titer for the homologous organism is very much higher than for 
the heterologous, hence if both organisms are tested it is simple to judge which 
IS specific 

There are no biological products of value for treating this disease 
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PASTEUREIXA PSEUDOTUBERCULOSIS 

Synonyms Bacterium pseiuiotuberculosis lodentium, Corynebactenum pseu- 
dotuberculosts , Corynebactenum rodentium 

This organism is the cause of a disease of guinea pigs, sometimes of rats, 
and occasionally of other rodents which has been called pseud otuberculosts 
This disease and its causative organism should be diflcrenliated from Coryne- 
bacterium pseudotuberculosis, the Preis^-Nocard bacillus, already described 
The organism now being considered has little importance in animal pathol- 
ogy except in stocks of guinea pigs, although rare infections with it have been 
reported in cattle, horses, pigs, goals, rabbits, birds, monkeys, and man. This 
organism resembles that of plague so closely, and the lesions in guinea pigs are 
so similar, that one needs to be on his guard not to confuse one with the other. 

Morphology and Staining Reactions. In form this organism varies from coc- 
coid to bacillary forms 5 microns or more in length. They generally appear 
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Single; occasionally in chains Bipolar staining can sometimes be noted This 
organism is somewhat larger than the hemorrhagic septicemia bacilli It 1$ 
Gram-negative, non-acid fast, and not encapsulated. 

Cultural Features. This organism differs from others in the Pasteurella 
group by being motile. Motility, however, is seldom seen in strains grown 
at body temperature, young cultures grown at 18“ to 26" C arc most favorable 
for detecting it. 

On plain agar good growth occurs without the addition of serum or other 
enrichment Blood agar shows no evidence of hemolysis The colonies arc 
small, translucent, and granular. In old colonics the centers arc raised and 
more opaque than the periphery which frequently shows radial striations 
The consistency is soft and butyrous 

Growth in broth is fairly good There is moderate turbidity in 24 hours at 
37° C but later the growth sctlimenls into a viscid mass A surface ring usu- 
ally appears. 

On potato a thin growth appears which is crcam-colorcd at first, later be- 
coming yellow and then brown Litmus milk slowly becomes alkaline Indol 
IS not formed Acid but no gas is formed Irom dexliose, maltose, mannitol, 
saltern, arabinosc, xylose, rhamnose, and glycerol Sucrose is sometimes fer- 
mented Lactose, raffinose, dulciiol, and sorbiiol are not aitackcd 

Pathogenicity. The disease is most often seen spontaneously in stocks of 
guinea pigs The affected animals sicken, lose weight, develop diarrhea, and 
die in three to four weeks In such animals the mesenteric lymph nodes arc 
greatly swollen and caseous, and there may be nodular abscesses in the in- 
testinal wall originating 111 follicles Similar nodules usually thickly stud the 
liver and spleen Rainoii claims that there arc acute cases in which the animals 
die in one or two days, and another, more chronic type, in which the iniec- 
tion IS localized in the lymph nodes of the cervical region 

The disease is easily produced in guinea pigs and many other animals by 
inoculation A caseous local lesion develops at the site of inoculation, the 
regional lymph nodes become enlarged and caseous, and nodules form in the 
liver and spleen Inoculated animals usually die in from i to 3 weeks. 

Natural infection is supposed to occur through ingestion of the causative 
organism since primary localizations appear in tb'" intestinal wall and the 
mesenteric lymph nodes. 

Immunity. Not much is known about immunity to this organism Some 
workers have claimed excellent results in protecting susceptible rodents by the 
use of heat killed cultures, but others have not been able to achieve such pro- 
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tection It IS interesting to note that in)ections of bactenns made from this 
organism seem to confer considerable immunity to the plague bacillus 
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THE ENTERIC ORGANISMS 


The bacillus causing human typhoid fever was discovered by Eberth in 
Germany in 1880 Later it was learned that there were many organisms simi- 
lar to this in the normal intestinal tract of man and animals, and that there 
were many more closely related types which caused illnesses by their presence. 
The identification of many of these organisms has proved to be exceedingly 
difficult, and some can be identified with certainty only by using elaborate 
serological technics All members arc Gram-negative, non-sporulating rods. 
The majority are motile by means of pcritnchic flagella With but few excep- 
tions, gelatin is not liquefied All arc easily cultivated on ordinary media, 
and all form colonies which are similar although some species grow more 
luxuriantly than others They are facultative anaerobic but thrive best in the 
presence of air All ferment dextrose and usually a number of other carbohy- 
drates with the formation of acid and frequently of gas as well. Most mem- 
bers of the group are found m the intestinal canal of man and animals, and in 
intestinal discharges Some species occur in other locations A few plant patho- 
gens are included in the group 

Although Eberth hail seen the typhoid bacillus in 18H0 in the spleen of a 
man dead of typhoid lever, it was not uniil 1SH4 that Gaffkv isolated it in 
pure culture and described some of its characteristics. In the following year 
the colon bacillus was described The earlier work on this group of organisms 
was concerned with methods of differentiating between the comparatively 
harmless colon bacillus and the deadly typhoid bacillus In the course of time 
many other organisms having characteristics of both of these organisms be- 
came known {Bact cholerae-suis, 1886; Bact entermdis, 1888, Bact. gallt- 
narum, 1889, the paratyphoid organisms, 1898, and others) Soon authors 
began recognizing three sub-groups, one centering around the colon bacillus 
(Sub-group I), another centering around the typhoid bacillus (Sub-group III) 
and a third including forms intermediate between these (Sub-group II). The 
line of demarkation between these three sub-groups never has been sharply 
drawn and as more information about them has accumulated the division 
lines have become hazier rather than clearer. For descriptive purposes the 
three sub-groups usually are retained by most authors but it should be real- 
ized that from the colon bacillus at one extreme to the dysentery bacilli 
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and the typhoid bacillus at the other, we have a long senes of organisms which 
vary from each other only slightly as we proceed down the scale, step by step. 

Many writers recognize a number of genera in this group, such as Esche- 
rtchia for the colon bacilli, Aerobacter, for the acrogenes types, Salmonella for 
the greater part of the intermediate group, Eberthella for the typhoid organ- 
ism, and Shigella for the dysentery organisms and related types Undoubtedly 
this group should and will eventually be broken up into several clearly de- 
fined genera but until these lines become clearer it seems best to retain the old 
genus Bacterium for the entire group. 

The fermentation of lactose is a criterion which appears to be ciuite reliable 
for separating the comparatively harmless colon-aerogenes organisms from the 
remainder of the group, most of which have pathogenic properties The colon- 
acrogcncs types ferment lactose with the production of both .icid and gas, 
the other members of the group do not attack lactose One often encounters 
members of the colon-aertigcnes group, however, which ferment lactose very 
slowly, and these types may be easily mistaken for pathogenic species 


The Lactose Fermenting Group 

The organisms which ferment lactose represent a group in which there 
are two well recognized species, in Iwth of which there are many varieties 
The species are Bact call and Bad aetogenes Both of these species may be 
found in the alimentary tract of man and animals Bait coli, however, is quite 
strictly parasitic in its habits and therefore is not found abundantly anywhere 
in nature except in intestinal tracts, in feces, and in materials which have been 
subjected to fecal pollution Bact aerogenes, on the other hand, grows freely 
in nature and its presence in any substance dots not necessarily mean that 
fecal pollution has occurred The differentiation of one group from the other 
is of some importance in water analysis, in which the presence of Bact colt 
types IS interpreted as evidence of fecal pollution, whereas the presence of a 
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few organisms of the aerogenes group is not so interpreted. Some of the cri- 
teria for differentiating these species is given in tabular form on page 172 
Inasmuch as Bact aerogenes is not a pathogenic organism, it will not be 
considered further, 

BACTERIUM COLI (ESCHERICHIA COLI) 

This organism is a normal inh.ibitant of the lower bowel of all warm- 
blooded animals It usually is absent from the intestines of fish, and other 
cold-blooded animals. Few or none are found in the stomach and anterior 
portions of the bowel Carnivora and omnivora usually harbor the organism 
in greater abundance than the herbivora The feces of cows and horses fre- 
quently show very few 

Morphology and Staining Reactions. Bact colt is a small rod-shaped organ- 
ism which vanes widely in morphology under varying conditions Usually it 
IS a short, plump rod, stimetimes rather long filaments are seen. Spores are 
never formed and capsular material is absent from most but not all strains. 
It stains readily and evenly with ordinary stains and is CSram-negative. 

Cultural Features. Bact colt grows readily on all ordinary media Its opti- 
mum temperature is about that of the body but it will grow through a wide 
range It is aerobic and facultative anaerobic Most strains show motility of a 
sluggish type 

In broth there is uniform clouding within 12 to 18 hours On old cultures 
friable pellicles form and very old cultures show considerable viscid sediment. 
Agar surface colonics are slightly raised, smooth, glistening, unpigmented, 
and circular in outline Deep colonies usu.illy are lenticular in shape and 
brownish On slants the growth becomes coiiiluent, and the water of syneresis, 
turbid Gelatin colonies arc thin, bluish-white, translucent, and glistening 
The surface usually shows radial ridges and the margins are somewhat irreg- 
ular, giving the colonies the shape of a grape leaf The gelatin is not liquefied. 
Growth on potato is less abundant than on agar, is brownish and rather dry. 
Some strains arc strongly hemolytic, producing wide zones of Beta-type he- 
molysis around colonies on bhxid agar plates. Others have no hemolytic ac 
tion. Litmus milk is acidified and coagulated within 24 hours at 37° C. The 
litmus IS reduced except near the surface Dextrose and lactose arc attacked 
by all strains, both acid and gas being formed On other carbohydrate media, 
acid and gas are formed from some and not from others depending upon the 
strain. 

Indol is formed, usually in abundance, nitrates arc vigorously reduced and 
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the Voges-Proskauer reaction is negative. This last reaction is considered 
valuable in distinguishing Bact colt types from Bact. aerogenes which give a 
positive reaction. 

Resistance. Bact colt is fairly resistant to drying and to the action of many 
chemical disinfectants. It is destroyed by pasteurizing temperatures 

Pathogenicity. Bact colt is usually regarded as a harmless parasite That the 
organism may be pathogenic at times, or that certain races may be pathogenic, 
has been known for a long time Moderate doses iii)ccted into the peritoneal 
cavity of guinea pigs will result in death overnight It is found frequently as 
the apparent cause of peritonitis following abdominal operations, rupturing of 
the intestines, and perforating wounds of the digestive canal 

Bact coll IS one of the most common organisms encountered in cultures 
made from animal tissues, especially when the tissues have been removed 
from the body some hours after death It appears that the organism escapes 
from the digestive tract into the blood stream and is disseminated to all parts 
of the body about the time of death If the animal is killed quickly when in a 
state of healtli, these organisms arc not found, or at least not so frequently 

Organisms of the colon bacillus type are generally regarded as the causative 
agents of the disease of young calves commonly called white scours or calf 
scours There is no doubt about the fact that tissues of animals suffering 
from this disease are teeming with Bact colt shortly before and after death 
The organisms found differ in no way from those commonly present in the 
intestinal canal of normal calves, and cultures of these organisms will not ordi- 
narily cause disease in other calves when fed to them experimentally For 
these reasons, it is very doubtful that they are the primary cause of the disease 
It IS likely that other, as yet unrecognized, agents arc primary and that these 
pave the way for invasion of the tissues with colon bacilli from the digestive 
tract In the most acute form of this disease the calf shows weakness, appears 
sleepy, and soon dies without other symptoms In the usual form the calf shows 
a severe diarrhea, the fecal material often being whitish because of lack of 
bile, and full of gas bubbles The animal may die after a few days, or 
It may recover In the more protracted cases, lameness may appear because 
of acute inflammation in one or more joints In such joints the capsule is dis- 
tended with a cloudy fluid in which there are myri.ids of colon bacilli These 
animals nearly always die eventually. Calves which have passed through these 
infections successfully frequently exhibit whitish hbrotic areas in the cortex 
of the kidneys. 

Smith and Little (3) pointed out the interesting fact that calves which arc 
deprived of the first milk (colostrum) of their dams nearly always develop 
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colon bacillus septicemia In a senes of papers by Smith and co-workers, (2, 4, 
5, 6) the mechanism of this septicemia is made clear. It appears that the func- 
tion of colostrum is to carry protection to the digestive tract of the new-born 
calf against miscellaneous bacteria, principally colon bacilli, which are harm- 
less to older animals hut which rapidly invade the tissues of very young 
calves from intestinal canals which have not had the protection offered by 
colostrum 

The colostrum, it has been shown, is very rich in globulins, and also rich 
in antibodies When colostrum is fed to the new-born calf, the globulins con- 
taining the antibodies appear in the blood stream almost immediately The 
structure of the bovine placenta is such that antibodies are not transmitted 
from the mother of the calf before birth, as happens in many other species, 
and the colostrum appears to exert a comjiensatory function When colostrum 
IS withheld, the new-born calf appears to be entirely devoid of a resisting 
mechanism and the tissues may be overrun with ordinary organisms, princi- 
pally colon bacilli 

It was shown by Smith and his co-workers that normal cow scrum would 
function almost as well as colostrum in protecting the new-born calf Normal 
cow serum contains antibodies for the colon bacillus, hence these antibodies 
rapidly appear in the blood of the calf when the scrum is fed mixed with 
milk The calf is protected best, however, when cow scrum is in)ecied subcu- 
taneously and fed as well. 

Howarth (1) has reported a large outbreak of abortion in sheep in Cali- 
fornia in which an organism belonging to the colon group seemed to be the 
causative agent Of a band of 820 ewes, abortions occurred in 219, and of the 
aborting ewes, 101 died shortly after the act The organism wa' readilv iso- 
lated from the body fluids and tissues of the fetuses, from the placentae, uterus 
and uterine discharges of the ewes With the cultures abortions were readily 
produced by intravenous injection, but not by subcutaneous injection nor by 
feeding The flock had been forced to drink from stagnant pools containing 
a great deal of organic material, and it was thought that these jxiols had 
been the source of the infection The organism isolated from these ewes dif- 
fered in cultural features in no way from organisms found commonly in the 
intestinal canal 

Colon Bacillus Toxin. Organisms of this group are regarded ordinarily as 
non-toxin formers Smith and Little (4), however, showed that filtrates of 
comparatively young broth cultures of certain strains of colon bacilli isolated 
from cases of calf septicemia were toxic to calves and older cattle when in- 
jected intravenously Grave symptoms were produced often followed by 
death The symptoms consisted of rapidly developing and severe dyspnea. 
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and after death the lungs were found to be filled with a foamy, edematous 
fluid. Large doses of such filtrates did not produce symptoms when injected 
subcutaneously. The authors found that similar results could be obtained 
with filtrates of some paratyphoid bacilli They did not determine the nature 
of the toxic material. 

Immunity. Calf scours serum made by immunizing horses or cattle with 
strains of colon bacilli isolated from calves sulTcring from “white scours” has 
been widely used as a means of treating animals suffering from this disease. 
The results reported have varied widely It seems very doubtful that suck 
sera have materially altered the course of the disease Shortly after injection 
the calves frequently appear better for a time, but a similar effect can be ob- 
tained by injecting blood or blood serum from normal cattle. 
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The Non-Lactose-Fermenting Enteric Organisms 

in morphology and in gfeneral cultural features, these organisms arc nor un- 
like ffac/ colt, however they do not ferment l.itlosc Milk usually is lightly 
acidified but this is followed within a few days, in most instances, by a pro- 
gressive alkalinity which may go so far as to cause solution of the casern, in 
which case the miW. loses its normal appearance and becomes translucent and 
opalescent 

Many organisms of the group are associated with specific diseases which 
are readily recognized clinically The organisms associated with such diseases 
ordinarily are easily identified A group of these organisms, however, are asso- 
ciated with enteritis and diarrheas of both man and animals, and in these 
cases It often is a difficult matter to definitely identify the causative species 
even when it has been obtained in pure culture. 

Formerly it was customary to divide the organisms of this group into (a) 
those which form acid and gas from dextrose (The Intermediate or Salmo- 
nella Group), and (b) those which form acid only (The Typhoid-Dysentery 
Group). This arrangement placed the typhoid organism in one group and the 
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paratyphoid organisms in another, a classification which cannot be justified 
by any other criteria, and placed together the typhoid and dysentery organ- 
isms which are not closely related otherwise The recently developed methods 
of serologic classification (antigenic analysis) indicate that antigenically the 
typhoid organism of man is closely related to the paratyphoid organisms. 

It long has been known that many antigens existed in this group and that 
some of these were specific and others existed in common Antigenic analysis 
depends upon the identification of the various types of antigens present in the 
bacterial cell, such identification being sufficient to positively identify the 
species, since no two species have identical antigenic structures The method 
was first used by Andrewes, in England in 1922, and has been extensively 
used in recent years In order that the world should be saved from great con- 
fusion a committee of the International Microbiological Congress has set up 
a series of typing laboratories in many countries under the general direction 
of a central laboratory, the State Scrum Institute of Copenhagen, Denmark, 
the function of which is to keep on hand type cultures and sera by which un- 
known strains may be identified 

Group agglutination already has been described bence wc will discuss 
here only a few pertinent facts as tbey relate to the Salmonella organisms 
which constitute the greater pan of the non-lactose fermenting members of 
the enteric group Since most of these organisms aie motile, they possess both 
the H (flagellar) and the O (somatic) antigens Organisms like Bact galli- 
narttm and Bact piilloriim which are non-molile naturally possess only the 
O antigens. The cultures are classified piimarily on their O antigens of 
which at least thirteen different tvfX-s have been recognized These are desig- 
nated by Roman numerals A single species may have more than one O anti- 
gen. Some of the O antigens are specific, that is, they are found in one species 
only, and others are not specific, since they may be found m several different 
species (group antigens) The H antigens, of which more than thirty are 
known, may be absent (non-flagellated types) or there may be from one to 
SIX in a single species These are of two types, the specific phase and the non- 
specific phase When both of these types arc present in a single species, the 
organism is said to be diphasic, when only one, monophastc The specific 
phase antigens are those which occur in single types or species and these arc 
designated by small letters The non-specific phase antigens are those which 
occur in several species (group antigens) and these are designated by Arabic 
numbers. Thus the antigenic formula of Bact typhimurmm is IV, V . 1 : i, 2, 
that of Bact choleraesuts is VI, VIII c i, 5 > “"d that of Bact pullorum is 
IX 

Since the method of antigenic analysis in this group requires a rather elab- 
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orate set of type sera, this method probably will be used only in a few 
laboratories especially equipped for this work Differentiation of species by 
fermentation tests and other biological methods which are less complicated 
undoubtedly will continue to be used by most workers These, taken in con- 
junction with a knowledge of the host from which they were isolated and 
the nature of the pathological processes with which they were associated, make 
identification by the older methods reasonably satisfactory In special in- 
stances, especially in the group which arc associated with intestinal intoxica- 
tions, cultures had best be submitted to a typing laboratory * for analysis 

BACTERIUM TYPHIMURIUM 

Synonvms Bact aertrycl^e, Bactermm peUts cavtae. Salmonella aertrycke 

and many others 

This organism, frequently called the mouse typhoid bacillus, was first iso- 
lated by Locffler (2) in 1892 It is pathogenic for rodents, especially mice and 
guinea pigs, but also for sheep, pigs, a number of species of birds, and man 
For many years it was not recognized that the mouse typhoid organism was 
identical with those isolated from other species Nocard, in 189^, isolated his 
Bact psittacosis, from parrots which were suffering from the disease known 
as psittacosis, erroneously believing the organism to be the causative agent 
The error with respect to the etiology of psittacosis was recognized long 
before it became evident that the organism was identical with Loeffler’s bacil- 
lus Wherry (6), in igo8, studied a plague of guinea pigs from which his Bacil- 
lus pestis comae was isolated It is now known that this organism is the same 
as Locffler 's The specific name, aenryc\e, proposed by dcNobele in i8y8 has 
been used for this organism for many years and is well established in the lit- 
erature, however, typhimiiiium has six years priority over it and since it has 
been adopted by Bergey’s Manual, it will be used here 

Morphology and Staining Reactions. These are typical of the group. It is 
motile by means of peritrichic flagella 

Cultural Features. These are typical of the group as a whole. Differential 
characters may be noted in Table VI The fermentation of inositol distin- 
guishes this organism from Bact ententidis and related organisms In anti- 
genic structure there are several varieties. The ty-pical organism has the fol- 
lowing formula IV, V, XII : 1 : i, 2, 3. Strains from pigeons usually lack the 
somatic antigen V. 

* For the United States, the Department of Animal Pathology, University of Kentucky, Lex- 
ington, Ky 



iSo THE PATHOGENIC BACTERIA 

Pathogenicity 

FOR GUINEA PIGS. Stocks of guinea pigs occasionally are completely destroyed 
by this infection If the disease becomes prevalent in a colony it is exceedingly 
hard to eliminate except by disposing of all stock, rigorously disinfecting 
and beginning anew with fresh, uninfected stock Animals dead of the disease 
show enlarged, dark livers, frequently with small flecks of necrotic tissue 
The spleen usually is enlarged up to live or six times its normal size It is 
dark, friable, nodular, and may show minute necrotic foci like those of the 
liver. There may be fluid in the chest cavity, and a fibrino-purulent pericarditis 
IS common This disease apparently was first described by Smith and Stewart 
in 1896 The name Bactllu< pestis catnae was given it by Wherry in 1908 

FOR MICE Epizootics of motise typhoid occur frequently in mouse colonies 
in research laboratories, the mortality varying from 20 to 80 per cent depend- 
ing on environmental factors, stale of nutrition, genetic constitution, and no 
doubt other factors n<it recognized The disease may be acute or chronic 
Many of the chronic cases and some that show no symptoms at any time be- 
come chronic carriers, shedding the organism in their feces for long periods 
of time Mice dead of the disease show enlarged livers and spleens, in which 
pin-point necrotic areas may or may not be seen Other lesions are inconstant. 
Usually microscopic examination will demonstrate damage in the bone mar- 
row, apparently due to toxic material, and this interferes with leucocyte for- 
mation, so there 1$ a characteristic Icucopenia in this disease 
Amoss (i), Topley (?), Webster (5) and others have used the “mouse 
typhoid” organism for studies in experimental epidemiology with results that 
have thrown much light on human disease dissemination. Webster has shown 
that highly resistant and highly susceptible strains of mice can be produced by 
breeding from siblings of individuals that have shown unusual resistance or 
susceptibility, respectively 

Apparently Bact ententulis is cap.ible of initiating a disease in mice in every 
respect like that produced by Bact typhtmunum 

FOR RATS Young rats are susceptible to infection with Bact. typhtmunum 
but older ones are somewhat resistant Certain strains, supposedly well suited 
to the purpose, have been used as “rat viruses” lor rat extermination but there 
Viavtbeen manij acc\dcvw.a\ inlecuotis ol oihw atntnals, and ol man, wwiv sueVv 
strains and this has discouraged the practice 

FOR HORSES, CATTLE, SWINE, AND SHEEP Boct typhtmunum IS Said to occur in 

these species. Bact entenudts infections have been reported frequently in the 
past, especially in Europe, in these animals Whether the organisms were 
really of the species indicated is impossible to tell in many cases because of 
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insufficient evidence It may be that Bact typhtmurtum is more frequent in 
domestic animals than has been thought. 

FOR VARIOUS SPECIES OF BIRDS Infections have been reported in chickens, 
ducks, turkeys, parrots, pigeons, canaries, and others In most species the in- 
fection is manifested by enteritis and diarrhea with septicemia in fatal cases. 
In pigeon lofts, losses from this organism often are very great The losses 
are m the squabs The pigeon fancier often calls this disease tnegrims. The 
squabs either die soon after hatching or develop swollen wing-)oints which 
render them unable to fly The joint swelling is due to the collection of a 
gelatinous exudate in the joint capsule In this exudate the organism is read- 
ily found by making cultures. The adult stock shows no evidence of the dis- 
ease ordinarily but when destroyed for examination the ovaries of some of the 
females are found to be diseased The organism c.in be founil in many of the 
developing yolks, presumably passes in this way into the egg and then into 
the developing embryo 

FOR MAN Some strains of this organism probably are c.ijiable of infecting 
man The organisms of outbreaks in mice and guinea pigs in animal houses 
seldom, if ever, cause infection in human attendants 1 he same may be said 
for the infections in birds On the other hand there have been a number of 
outbreaks in man which have been attributed to the contamin.ition of human 
food with the droppings of rats and mice 

Immunity. Infections with this organism occur so sporadic.illy in the larger 
animals and in man that there is no need of immunizing products Cultures 
of the organism, killed with heat or chemicals, h.ive been used in attempting 
to stop epizootics among mice and guinea pigs but without great success 
Resistance can be enhanced in this w.iy, but the protection usually is not 
great enough to stop outbreaks 

Attempts have been made to control the squab disease by using the aggluti- 
nation test to detect infected adult female pigeons The antibody content of 
the birds is so low, however, that the method has failed 
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BACTERIUM ENTERITIDIS 

Synonyms: Salmonella ententidts, the Gartner bacillus; the meat poisoning 

bacillus. 

This organism was incriminated by Gartner, in 1888, as the cause of an 
outbreak of acute illness in a group of 57 persons who had eaten the flesh of 
a recently slaughtered cow The animal had suffered from diarrhea at the 
time It was slaughtered Similar stories have been repeated many times in 
some of the European countries but are rare in the United States Apparently 
this organism is not so widely scattered or so prevalent here as it is abroad 
The system of emergency slaughter, permitted abroad but not here, may have 
a good deal to do with this difference By emergency slaughter is meant the 
slaughtering for fotxl of animals which arc frankly sick. 

Intestinal infections of cattle with this organism are quite common in 
some parts of the world Apparently they are very rare in the United States, 
since there have been few reports. It is from the eating of the uncooked meat 
from such animals that human “meat poisoning” occurs. 

Morphology and Staining Reactions. These are typical of the group The 
oiganism is actively motile. 

Cultural Features. These are typical of the group as a whole In most cul- 
tural features this organism cannot be distinguished from Bact typhtmurium. 
The principal cultural difference is with respect to inositol which is fermented 
with acid and gas formation by typhtmurium and is not attacked by entert- 
ttdts The antigenic composition of Bact ententidts indicates that there are a 
considerable number of varieties All contain the same O antigens, IX, and 
XII, but differ in H antigens. 

Pathogenicity. Like Bact. typhimunum, this organism occurs naturally in 
rodents, principally rats and mice, in which a disease essentially like mouse 
typhoid is produced. Infections of larger animals, especially of calves, is fre- 
quently reported abroad. The only case which has been found in the United 
States which we have been able to discover is one reported by Meyer (i) in 
1916 In tbis instance the culture which had been isolated from a calf suffering 
from diarrhea caused infection of an attendant who was handling infected 
milk. 

The infection in man takes the form of an acute intestinal infection or in- 
toxication. The organism possesses a potent endotoxin which is regarded as 
having an important part in the disease process. 
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Immunity. Little is known about immunity to this organism since out- 
breaks of disease are sporadic, and immunizing products therefore are seldom 
called for. 
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BACTERIUM ANATUM 
Synonym Salmonella anatts 

In 1920, Rettger and Scoville (2) described Bact anatum as the cause of a 
destructive disease of ducklings on Long Island and in Connecticut and 
Massachusetts The disease was called “keel” by the duck raisers because many 
of the affected birds collapsed suddenly with few premonitory symptoms 

Morphology and Staining Features. These are typical of this group. It is 
actively motile. 

Cultural Features. In 1927, Edwards and Rettger (1) reported that serologi- 
cal tests of strains of Bact anatum had shown two serological types, one of 
which was identical with Bact aertrycke {typhtmunum). On all ordinary dif- 
ferential tests this organism cannot be distinguished from Bact. typhtmunum 
but the antigenic composition is quite different (III, X e, h 1,6). 

Pathogenicity. The greatest mortality in ducklings occurs during the first 
ten days of life It sometimes amounts to practically 100 per cent Affected 
birds are listless, sleepy, crowd close to the heaters, and do not eat well. Thirsti- 
ness IS a prominent symptom There is no diarrhea Death usually occurs sud- 
denly 

The infection may occur in the egg from organisms originating in the 
ovary of breeder animals as in pullorum disease. 

Attempts to control the disease by testing the adult stock for carriers by the 
agglutination test has not been successful since the antibody content of such 
birds IS low. 

The organism evidently is not highly pathogenic for man since there have 
been no recognized infections among the duck raisers 

Immunity. Specific treatment of infected ducklings is impracticable and 
probably useless. 
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BACTERIUM CHOLERAESUIS 

Synonyms Bacilliii cholerae mts, the “hog cholera bacillus”; Bacillus suipesti- 
jer, Salmonella (Utpesujer 

This organism was isolated and described by Salmon (2) and Smith in 
1885, and was the first of the paratyphoid organisms to be recognized It is 
because of this fact that these organisms are frequently known as the Salmo- 
nella The authors believed the 
organism to be the cause of the 
destructive and prevalent dis- 
ease known as hog cholera, but 
later work demonstrated that 
this IS not the case, that hog 
cholera is caused by a filterable 
virus Nevertheless this organ- 
ism plays an impirtant role in 
porcine pathology, principally 
as a secondary invader in the 
virus disease 

Morphology and Staining Re- 
actions. These are typical of 
the group Most strains are ac- 
tively motile but non-morile 
variants are known. 

Cultural Features. These are similar to those of other members of the group. 
For differential features see Table VI It is to be noted that hydrogen sulphide 
IS not formed (i c , lend .icetate negative) and that arabinose, dulcitol, inositol, 
and trehalose are not fermented In these respects this organism differs from 
the rodent and meat poisoning types The reaction in litmus milk is very char- 
acteristic After a slight initial acidity, the reaction becomes progressively 
more alkaline and finally after several days’ incubation the casein goes into 
solution and the fluid becomes tr.anslucent and opalescent This reaction is 
exhibited by other members of the paratyphoid group but usually not to such 
a degree 

The organism described is the one which is commonly found in this coun- 
try. Sometimes it is called the American type of Bacl. choleraesuis to distin- 
guish It from another type which occurs in Europe and which is known as 
the Kunzendorf type The latter differs from the American type only in that 
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It forms hydrogen sulphide, and has been found much more commonly in 
human infections of a food poisoning type 
The antigenic formulae of the two types are the same VI, VII •0:1,5 


Occurrence. In some of the older hierature it was reported that Bact. chole- 
raesuts occurred in a considerable number of apparently healthy pigs as an 
inhabitant of the intestinal tract, but apparently this was an error caused by 


failure to differentiate this organism 
now seems clear that this organism is 
found only in sick swine and in ma- 
terial contaminated by them. 

Pathogenicity 

FOR swixE This organism is very 
commonly associated with the virus 
of hog cholera Salmon and Smith 
(4) succeeded in isolating it from 
about four-fifths of a large number 
of animals sick and dead with nat- 
urally occurring cases of hog cholera 
With their cultures they produced 
fatal septicemia in swine by artificial 
inoculation This disease resembled 
cholera and was mistaken by them 
for cholera They noticed, however, 
that the acute inoculation dise<ise 
did not transmit to pen mates, as 
the disease in the field did, and this 
should have warned them that they 
did not have the primary cause of 
the disease Filterable viruses at that 
not known. 


from other paratyphoid organisms It 
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Fig 27 The So-called "Button Ulcers” 
of Hog Cholera These crater-hke ulcers, 
tbcir centers filled with casious material, 
arc due primardy to the aelivitn-s of the 
Bact choloaKins A/Unumyccs necroph 
oius usually has an active part in their 
formation but is not primary 

time. It should be remembered, were 


There is no doubt that Bact choleraesms plays an important role in the 


clinical disease known as hog cholera, and that in many cases it plays a de- 
termining role so far as death or recovery are concerned 1 he enteritis mani- 
fested by the so<alled “button ulcers” in the region of the ileo-cecal valve, 
a characteristic of the more chronic cases of hog cholera, is caused by the ac- 


tivities of the hog cholera bacillus rather than by the virus. 

Bact. choleraesms is capable of causing disease in young pigs in the absence 


of the virus of cholera. Injections necrotic enteritis is a destructive disease of 
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young pigs kept under unhygienic conditions Diseased animals are un- 
thrifty and exhibit diarrhea Many die and those which survive usually arc 
so stunted that they make unsatisfactory meat animals The lower end of the 
small intestine and the large intestine are the seats of the lesions On the 
mucous membrane of these parts there may be numerous ulcers filled with 
dry, caseous material, or the entire mucosa may be changed into a dry caseous 
mass which adheres tightly and can be separated from the intestinal wall 
only by tearing out the entire mucous membrane 
In necrotic enteritis, the virus of hog cholera may be present and should be 
suspected, but the disease can occur m cholera immune pigs Murray (i) and 
his associates in Iowa have produced necrotic enteritis regularly by feeding 
cultures of Bact choleraesuts, a fact which removed all doubt about its causal 
relationship to the disease 

FOR EXPERIMENTAL ANIMALS Boct ch(Jeraesuis IS highly pathogenic for white 
mice, rabbits, and guinea pigs Rabbits inoculated intravenously die in from 
5 to 8 days. The lesions consist of a very engorged and enlarged spleen, and 
necrotic foci throughout the liver Guinea pigs and mite show similar lesions, 
but guinea pigs are more resistant and usually live longer than the others 
after inoculation 

FOR MAN This organism has been isolated from a few outbreaks of food 
poisoning in man, but the type usually found (Kunzendorf) is different from 
that which commonly occurs in swine in this country. 
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BACTEIUUM TVPHISUIS 

Synonyms Bacillus typhisms. Salmonella typhisuis, the “ferkeltyphus” (Ger- 
man) bacillus. 

This organism is very similar to Bact. choleraesuts and probably should 
be regarded as a variety of that organism It differs from it only in that it 
fcimcnts atabinose and trehalose, whereas the former does not. Its antigenic 
structure is the same. This organism, so far as is known, does not occur in 
the western hemisphere. In Europe it causes an intestinal disease of young 
pigs known as “ferkeltyphus." 
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Synonym' Salmonella pullorum. 

Bacterium pullorum is the cause of pullorum disease, sometimes called 
bacillary white diarrhea, of young chicks which frequently causes heavy losses 
to the industry. This organism was first isolated and described by Rettger (i) 
in 1909. 

Moiphology and Staining Reactions. These are typical of the group. The 
organism lacks flagella, consequently is non-moiile 

Cultural Features. The organism grows readily upon ordinary culture media 
but the growth is never luxuriant On agar small, translucent, convex, glisten- 
ing colonies appear in 2^ hours 
or less The organism grows on 
gelatin delicately but produces 
no liquefaction In broth a faint 
clouding IS produced Milk is 
slightly acidified but is not 
curdled Of the ordinary carbo- 
hydrates, dextrose and manni- 
tol are fermented with gas for- 
mation Laciose, sucrose and 
maltose are not fermented 
Some strains of Bact pullorum, 
otherwise characteristic, fail to 
produce gas The property of 
gas formation may be lost when 
under artificial cultivation The 
non-gas-forming strains are 
generally known as the B type 
while the gas formers are called the A type The B type is usually found in 
adult stock and not in chicks. The two types intcragglutinate freely. 

The antigenic structure is IX, XII — — It possesses only somatic anti- 
gens. In serologic make-up this organism is identical with Bact galltnarum 

Pathogenicity. Bact pullorum is highly fatal if cultures are fed to young 
chicks during the first few days of life, and particularly if the chicks are al- 
lowed to become chilled by lowering the temperature of the brooder house 
Older chicks become progressively harder to mlcct la this way, but occasion- 
ally even adult birds may be killed. Old birds can be infected by subcutaneous 
or intravenous injection. In these cases the infection may remain localized, or 
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septicemia may result Large doses, given intraperitoneally, will kill guinea 
pigs. 

In Its natural host, pullurum disease proceeds in cycles. The infection is 
carried in the ovaries of some hens but there are no symptoms to indicate this 
fact. Some of the eggs laid by such hens will contain the organism in their 
yolks If these eggs arc incubated, many will fail to hatch but the ones that 
do will give rise to chicks which harbor the infection in their yolk sacs Some 
of these chicks appear not to be seriously harmed by the presence of the organ- 
ism and become in turn ovarian carriers of the disease when adult age is 
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Fig 29 Pullorum Disease, Ovary, Chicken The diseased ovary is depicted on the 
right On tlie left is a normal ovary for comparison The ova of the diseased bird are 
small, misshapen, discolored, and sometimes hemorrhagic 

re.iched Others, especially those which arc shipped very young and which arc 
chilled or otherwise dcvilah/cd, may become ill from an acute diarrhea ac- 
companied by septicemia The diarrheal discharges arc highly contagious for 
the other chicks and soon a large part of the birds associating with a few sick 
ones are infected with the disease In incubator-raised chicks the disease is 
especially malignant, for the infected down from a few diseased chicks will 
be blown around the entire machine by the fan which circulates the air, and 
all or many of the chicks will contact the disease by inhaling the organism. 

The affected chicks huddle near a source of heat, they do not cat, they ap- 
pear sleepy, they may show diarrhea, and they usually die within a few hours. 
The lesions vary according to the method of infection The chicks that are 
hatched containing the infection, usually show unabsorbed yolk sacs with dry 
cheesy material in them, the liver frequently appears pale and half-cooked, 
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and the intestines are inflamed Chicks infected by inhaling the organism 
usually show caseous areas in the lungs Similar caseous areas often are seen 
in the wall of the gizzard and in the heart muscle The losses vary greatly 
depending upon how the chicks arc handled It not infrequently occurs that 
a hatcheryman will have no trouble in chicks which he raises himself but 
there will be great losses in other chicks of the same lot that are shipped to 
distant points. 

The traffic in day-old chicks is very great, and it is in this traffic that the 
greatest losses from pullorum disease occurs The disease is propagated from 
year to year in the ovaries of infected hens 

Control Measures. Treatment of the diseased chicks is impracticable since 
birds of a few days of age have very little resistance and quickly succumb 
Efforts at control must be aimed at preventing the infection. These efforts 
are of two kinds i The detection and elimination of the hens which are 
carrying the infection and .are laying infected eggs, and 2 The better control, 
including fumigation of the incubators, of commercial hatcheries 
The elimination of the infected hem cannot be done on the basis of any 
kind of physical examination The carrier hens can be detected only by means 
of a serological test, or possibly by means of an allergic reaction 

Serologic Tests. The complement-fixation test may be used but it has not 
been shown to be any more accurate than the agglutination test. The simpler 
test, therefore, is the method of choice The birds are bled from the wing 
vein into small vials The antigen is, of course, a suspension of Bad pullorum 
Three methods of performing the test arc in use, viz 

(a) The tube method This is the older and standard test The serum is sepa- 
rated from the clot The test may be set up in a number of tubes, using 
decreasing concentrations of serum as is done in the test for Bang’s dis- 
ease of cattle, but usually, to save expense, only a single tube is used Into 
the clean, dry tube !4o cc of undiluted serum (some merely add one drop 
without bothering to measure the quantity more accurately) is placed. 
The suspension of bacilli (antigen) is then pipetted into the tube and 
caused to mix with the serum If i cc of antigen is used, a dilution of 
I 20 IS obtained; if i cc , i 30; if 2 cc , i 40 Birds that react in dilutions 
of I 25 or higher are regarded as infected 
Some chicken sera yield a flocculent, fatty material which floats on the 
surface of the fluid. This interferes with the reading of the test. These 
cloudy reactions can be avoided by making the antigen alkaline (pH 8.0) 
by the addition of NaOH )ust before the tests are set up. 
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(b) The serum-plate method This is done in the same way as the plate 
method for Bang’s disease (sec p 137). When done by experienced 
operators it probably is as accurate as the tube method 

(c) The whole blood plate method This method can be done while the birds 
are being held to await the outcome of the test A drop of blood is col- 
lected on a clean glass slide and immediately mixed with a drop of the 
concentrated antigen which has been especially prepared for this test The 
accuracy of the test is not as great as that of the other methods but it is 
frequently used, nevertheless, because of the cheapness of the method 

Allergic Reaction. Several workers have prepared extracts of Bact ptillornm 
and have used these alter the manner of using tuberculin The injections are 
usually made into one of the wattles, intradcrmally Infection is indicated by 
swelling of the wattle The rc.iciioiis are judged on the following day or 
after 48 hours The test is in an experimental state at the present time From 
the evidence at hand it does not appear that the test tan be depended upon as 
a diagnostic procedure 

Immunity. No attempts have been made to immunize birds against Bact 
pullorum infection. 
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BACTERIUM GALUNARUM 

Synonyms Bacillus sanguinanum, Salmonella gallinarum, Eberthella gal- 
bnarutn. Shigella gallinarum, the fowl typhoid bacillus 

This organism was isolated and described by Klein (2) in iS8g as the cause 
of a disease known as jowl tvphoid In 1895 Mexire (4) isolated an organism 
which later proved to be the same as Klein's from an outbreak of an acute dis- 
e.ise in chickens which he named injections anemia Moore ajiplied the name 
Bacillus sanguinanum to his organism since he was nor aware that it was the 
same as the one with which Klein had worked The name gallinaium has 
priority over Mexirc’s name, and therefore is the one now used 

Morphology and Staining Reactions. These are typical of the group The or- 
ganism lacks flagella, therefore is non-motilc 

Cultural Features. This organism is quite typical of the paratyphoid group 
except that it is non-gas forming In this respect it resembles the typhoid and 
dysentery bacilli of man, and it is for this reason that the organism has been 
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placed in the genus Eberthella, with the typhoid organism of man by some 
authors, and in the genus Shigella with the human dysentery organisms by 
others Still others, in consideration of the fact that it contains antigens in 
common with typical paratyphoid organisms have placed it in the Salmonella 
This confusion illustrates the fact that lines of division in this group are not 
sharply drawn at present, and is the reason why we are retaining the generic 
name Bacterium for all members of the group 
Bact galltnarum is very closely related 10 Bact pullorum It differs in that 
gas is not formed from carbohydrates The same carbohydrates are fermented, 
however, and in addition to those attacked by pullorum, maltose is fermented 
Bact galltnarum grows somewhat more luxuriantly than pullorum It has 
long been known that these two organisms cross agglutinate to full titer, and 
cultures of gallinarum have even been used as antigen in pullorum disease- 
control work because of the greater ease with which it can be manufactured. 
It was not surprising to learn, when antigenic analysis was applied to these 
organisms, to find that they were identically constituted This raises the ques- 
tion of whether this organism is not a non-acrogcnic variety of Bact. pul- 
lorum The antigenic is IX — — 

Pathogemcity. Fowl typhoid affects adult birds The symptoms are those of 
an acute septicemic disease, that is, wasting, weakness, drowsiness, and diar- 
rhea. There is rapidly developing anemia, and a Icucocytosis In many cases 
the birds are found dead under the roosts in the morning without any symp- 
toms having been noticed The lesions consist of thin anemic blood, multi- 
ple small necrotic areas in the liver and heart, and an enlarged spleen. The 
best means of making a diagnosis is the isolation of the causative organism 
which IS easily accomplished 

Some workers claim to have isolated this organism from diseased ovaries 
of hens, to have found it in eggs, and to have observed outbreaks of typical 
bacillary white diarrhea in chicks in which this organism was the causative 
agent On the odier hand outbreaks of disease in adult birds which resembles 
fowl typhoid in every way have been attributed to Bact. pullorum. 

Like other members of this group, pure cultures usually will cause fatal 
septicemia when injected into mice, guinea pigs, and rabbits 

Immunity. Killed cultures have been used in attempts to control this dis- 
ease, but the evidence indicates slight success. 
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BACTERIUM ABORTIVOEQUINUS 

Synonyms Bacillus abortwus equinus. Bacillus abortus equt, Bacterium abor- 
tum equt, Salmonella abortivo-equtnus. 

F. L. Kilborne (4), in 1893, made cultures from the vagina of an aborting 
mare in Pennsylvania. These were turned over to Theobald Smith (7) who 
studied the pure culture which developed on the media The organism was 
so like the hog cholera bacillus, with which he was then working, that he 
could not differentiate it with certainty The same organism was isolated by 
Good (i), in Kentucky in 1911, and by Meyer and Boerncr (6) in Pennsyl- 
vania in 1913 It has been isolated from aborting mares in several European 
countries, from Pennsylvania, Kentucky, Iowa, and Minnesota in the United 
States, and from the Province of Ontario in Canada Without doubt it exists 
in many other parts of the world. 

Morphology and Staining Reactions. These are typical of the group It is 
rapidly motile in young cultures 

Cultural Features. These are typical of the group as a whole, although on 
solid media the older colonics tend to become dry and parchment-likc Often 
such colonies can be pushed along the surface of the medium with the inocu- 
lating loop. For differential cultural reactions see Table .X In fermenta- 
tion reactions this organism is quite like Bact ententuhs except that it does 
not produce hydrogen sulphide In antigenic content it is related to Bact 
typhtmunum The antigenic formula is IV, XII e, n, x : — . 

Pathogenicity 

FOR HORSES Thc Organism apparently is spread mainly in the pasture In- 
fective discharges from aborting animals contaminate thc grass which then 
1$ eaten by susceptible animals Abortion can readily be produced in mares 
by mixing pure cultures with their feed, and by injecting cultures intra- 
venously. Just before the act of abortion occurs the affected mare usually 
shows fever and other signs of a general reaction Some believe that the marc 
suffers a brief period of septicemia. If so, it disappears and the only lesions 
found after thc abortion arc in thc fetal membranes which arc edematous 
and frequently show hemorrhages and areas of necrosis. 
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FOR OTHER ANIMALS. Rabbits and guinea pigs may be killed by parenteral in- 
jection. For small experimental animals this organism has about the same 
degree of virulence as the other members of the paratyphoid group. 

FOR MAN So far as is known, this organism is non-pathogenic for man. 

Diagnosis. The specific organism may easily be cultivated by ordinary cul- 
tural methods from the placenta, fetus, or uterine exudate Agglutinins are 
produced in the course of the infection and the diagnosis may be made by 
making use of them According to Good and Corbett (2), normal animals 
may agglutinate the specific organism in dilutions of Mioo and occasionally 
as high as Vsim Infected animals usually agglutinate in dilutions from V^oo 
to ’/.noo 

Immunity. Various workers have induced alxirtion in pregnant mares by 
injecting pure cultures of the organism intravenously Against such a method 
of infection it has not been possible to jwotect animals by methods of artificial 
immunization Against natural modes of infection (ingestion) bacterin treat- 
ment has proven highly satisfactory as a prophylactic procedure, according 
to Good and Dimock (3) In about 7,000 cases treated during a period of 
more than 10 years, only one case of abortion caused by Bact aborttvoeqmnus 
has been found following vaccination The method of controlling abortion 
has also been practiced successfullv by the U S Army, according to Koon and 
Reiser (5) On the other hand, some European authorities are skeptical of 
the immunizing value of dead cultures of this organism. 
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BACTERIUM EQUIRULIS 

Synonyms - Shigella equirulu. Bacillus nephntidis equi, Bacterium viscosum 
equi, Bacterium pyosepticus equi, Shigella equi, Shigella viscosa. 

This organism is found frequently as the causative agent in purulent infec- 
tions of the joints and in kidney abscesses in very young foals. It has occa- 
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sionally been found in adult horses Bactertum equirubs was first described 
by Meyer (4) who found it in kidney abscesses in horses in South Africa and 
who gave it the name Bacillus nephrtttdts equt Magnusson (3), finding the 
organism in foals in Sweden and not rccogniaing it as the same as the organ- 
ism described by Meyer, named it Bactertum vtscosum equt McFadyean 
and Edwards (2) recognized that the two organisms were identical 

Moqihology and Staining Reactions. This is a rod-shaped organism typical 
of the group but rather smaller than most of the others Short chains and 
filaments arc often seen Capsules have been described but generally it is be- 
lieved to be non-cncapsulated It is non-motilc, stains easily with the ordinary 
stains, and is Gram-negative 

Cultural Features. Bact equtrults grows rc.idily in ordinary media, pro- 
ducing rather abundant growth Colonies on agar plates are smooth, rather 
dry in appearance and tough Dissociation readily occurs, especially when the 
medium is acid and the incubation tcmiicraturc high, the product being 
smaller, smcxith, glistening colonies, some of which arc dwarf types On .igar 
slants the growth is diffuse, grayish-vvhitc and very mucoid A ropy sediment 
forms in broth and old cultures become very cloudy and mucoid A grayish 
pellicle sometimes appears CJelatin stabs show a filiform growth. There is 
no liquefaction Litmus milk is slowly acidified and sometimes coagulated 
The uncoagulated cultures generally are very slimv Indol is not formed and 
the Voges-Proskauer test is negative No ttixins are generated Blood is not 
hemolyzed. Acid but no gas is formed from dextrose, lactose, sucrose, galac- 
tose, maltose, raflinose, xylose, and mannitol 

Pathogenicity. In some horse-raising districts many foals arc lost each season 
in from several days to several weeks after birth through the development 
of )oint inflammations frequently accompanied bv septicemia and pyemia 
Many of these cases are caused by strepuxocci, and some are attributed to 
colon bacilli, but a large number, one-half or more, are caused by Bact 
equtrults According to Dimock (i), who has had a large experience with 
this condition, the greater part of the natural infections occur tn utero, the 
foal often being born dead, or it dies during the first, second or third day of 
life The joint lesions are not seen in those which die so early Many show 
no lesions whatsoever, others suffer from enteritis These cases usually show 
acute nephritis and the organism often is present in the joint capsules even 
though no sign of the disease can be seen in them Foals which live longer 
show more marked lesions; joint swelling and lameness, multiple abscesses 
in the cortex of the kidneys. The hock, knee, and hip joints are most often 
involved. 
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Mode of Infection. Bact equtrults is an inhabitant of the intestinal canal 
of many horses where it apparently exists harmlessly Dimock demon- 
strated It in cultures taken from the tonsillar region m 10 out of 12 horses 
which had died of causes unrelated to this disease, and others have had sim- 
ilar success He also noted that the common verminous aneurysms of the 
mesenteric arteries often are infected with this organism, even when it cannot 
be demonstrated elsewhere He believes, therefore, that the larvae of Strongy- 
lus vulgaris, migrating from the intestinal lumen into the arteries, carry Bact 
eqmrulis with them and in this way set up infections in young susceptible ani- 
mals This would account only for the colts which develop trouble when sev- 
eral weeks or months old The others are thought to be prenatally infected, in 
a manner not known It is possible that strongyle larvae of the dam may in- 
vade the fetal circulation carrying the infection with it 
Bact equtrults is not pathogenic for man Unless very large doses are given, 
It is not pathogenic even for the small laboratory animals. 

Immunity. Specific treatment of foals with an antiserum prepared from 
Bact equtrults has been attempted but without encouraging results. After 
symptoms become evident, the prognosis is not good 
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THE HEMOPHILIC BACTERIA 


The organisms of this group require iron-containing compounds for 
growth These compounds can be supplied most easily by adding small quan- 
tities of hemin, hemalin, or mcthemaglobin, all constituents of red blood cells, 
to the basic medium. In addition most species require a substance (or sub- 
stances) contained in fresh plant and animal tissues, others apparently are 
able to synthesize the second substance for themselves and therefore will grow 
in media devoid of it. Both of the necessary substances, or factors, are present 
in fresh blood. The factor which contains the iron compound is known as 
factor X. It IS heat stable The second substance has been called factor V 
This can be destroyed by boiling, and it can be extracted chemically It is 
present in the fresh tissue luices of plants and animals, in yeast cells, and 
ia many bacterial cells. The hemophilic bacteria cannot be cultivated in media 
enriched by serum alone, but the addition of a very small amount of the 
hemoglobin extract makes such media suitable for them 

On plate cultures these organisms often exhibit the phenomenon of sjtel- 
litism When colonies of other bacteria develop on plates containing hemo- 
philic bacteria it can be observed that in the immediate vicinity of these 
extraneous colonies, the colonies of hemophilic bacteria develop to a much 
greater size. This has been shown to occur because of the diffusion of the V 
factor from such colonies 

The first organism of this group to be described is that which is now known 
as Hemophtlus influenzae This was described by Pfeiffer (^) in 1892 It was 
isolated from the upper respiratory tract of persons suffering from influenza 
and was believed to be the cause of that condition In the great pandemic of 
human influenza in 1918-1919, however, it was discovered that Pfeiffer’s ba- 
cillus was not invariably present in the disease, and it was shown by English 
and American workers that influenza was caused by a Alterable virus. The 
situation that exists between the virus of influenza and the bacillus of Pfeiffer 
is quite analogous to that existing between the virus of hog cholera and 
Bact. choleraesuts. The influenza bacillus undoubtedly plays a secondary role 
in human influenza, and has a part ofttimes in the complications which so 
often develop, but true influenza can occur in its absence. 

During the pandemic of human influenza in 1918, there appeared in the 
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mid-western part of the United States a respiratory disease of swine which 
had not previously been seen. Koen who worked with the disease in Iowa 
was so impressed with its resemblance to the human disease that he dubbed 
It “swine flu” (i), and the disease soon became well known under that name. 
Only a few at that time believed that the swine disease had any connection 
with the human disease Its probable relationship became known a dozen 
years later through the work of Shope 

HEMOPHILUS SUIS 

Synonym Hemophilus influenzae, var sitts 

This organism was first described by Lewis and Shope (2) in 19^1 In sub- 
sequent studies Shope (4) clearly demonstrated that whereas Hemophilus 
suis was relatively harmless to pigs when inoculated alone, it became highly 
pathogenic for susceptible swine when inoculated with a filterable virus The 
virus alone is also relatively harmless Swine influen/a is a disease produced 
only by the concerted action of the bacillus and the virus The relationship 
between these two agents will be discussed more fully later under virus dis- 
eases (see p 603). 

Morphology and Staining Reactions. Hemophilus sun is indistinguishable 
morphologically and tinetonally from the Pfeiffer bacillus of man. It is a very 
small rod-shaped organism, non-s(x>re-bearing, non-moiile, and Gram-nega- 
tive Usually It IS quite pleomoqihic In young cultures it usually appears as 
thin rods measuring about 0 2 microns in breadth and from 0 5 to 2 0 microns 
in length Long thread-forms frequently are seen On some media these 
thread-forms may predominate Cultures older than 48 hours usually consist 
largely of coccoid elements, often arranged in large masses Giant coccoids, 
club-shaped forms, and comma-shaped cells often are seen in old cultures 
The organism stains rather ptxirly with ortlinary stains Old cultures in par- 
ticular often can hardly be stained satisfactorily, no matter what stain is used 

Cultural Features. No growth is obtained on plain or glyccrol-containing 
agar, in broth, gelatin, milk, potato, egg media or on coagulated blood scrum, 
unless the growth factors X and V are added in the form of fresh blood, or 
extracts of blood Cultures must be incubated at about 37° C 

For isolation Shope prefers to use agar slants to vvhich 0 5 to 1 0 cc. of de- 
fibrinated blood has been added There is no growth on the slant The growth 
in the bloody fluid at the base of the slant is not evident until the fluid is ex- 
amined microscopically. In such cultures the organism usually remains viable 
for about two weeks On blood agar plates, well-established cultures grow 
feebly in the form of minute colonies which have no observable effect upon 
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the medium. When other bacteria grow on the plates, the influenza bacillus 
colonies near the contaminating colonics grow very much more vigorously. 
Good growth usually occurs in blood broth 
Another medium upon which this organism thrives is chocolate agar. This 
medium is made by adding deiibrinated blood to agar at a temperature of 
70“ to 80® C. The surface colonies are circular in outline, grayish, flattened, 
semi-transparent, and have sharp edges Under the most favorable of condi- 
tions the colonies do not become larger than about i mm. in diameter Best 
growth usually occurs around the margins of colonics of other bacteria 
Growth docs not occur in litmus milk unless a little blood is added to it, 
and even then the growth is me.iger The milk is not changed in appearance. 
Carbohydrates arc not fermented All strains reduce nitrates Neither hydro- 
gen sulphide nor indol arc formed 

Pathogenicity. Hemophilus suis is only slightly pathogenic for normal 
swine After intranasal instillation a mild transitory illness sometimes occurs, 
but frequently there are no detectable symptoms When illness is evident, the 
disease docs not transmit to pen-mates. When cultures are added to the virus 
of influenza, which alone will not cause serious illness in swine, typical influ- 
enza results and this disease will transmit naturally to pen-mates 
The organism ordinarily is non-pathogenic for rabbits, guinea pigs and 
white rats. It occasionally proves pathogenic for white mice 

Immunity. H sms will not immunize swine against influenza While it is 
essential to the production of the disease, it is clear that the role played is 
wholly secondary to that of the virus. 
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HEMOPHILUS HEHOGLOBINOPHILUS 
Synonym Hemophilus cams. 

This organism is quite similar in morphology and cultural characteristics 
to the influenza bacillus It was first isolated and described by Friedberger (i) 
in 1903 under the name B hemoglobinophilus cams. Rivers (2) who studied 
this organism in 1922 reported that it formed acid from dextrose, levulose, 
galactose, saccharose, xylose, and mannitol Indol was produced and nitrates 
were reduced. The organism requires the X factor but can synthesize the V 
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factor. It has been isolated by several workers from the prepucial secretion of 
male dogs, where it seems to live a parasitic existence without doing much, if 
any, harm. It is non-pathogenic for laboratory animals. 
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HEMOPHILUS GALUNARUM 

Synonym Bacillus hemoglohtnophilus coryzae galltnarum. 

The name, H galltnarum, was projxised in 1934 by Eliot and Lewis (3) for 
an organism which had been described first by DeBlieck (i) in Holland un- 
der the name given as a synonym and which is invalid because it is not a 
binomial It had also been previously studied by Nelson (4) in New Jersey, 
by Delaplanc, Irwin and Stuart (2) in Rhode Island, and by Pistor, Hoffman, 
Beach and Schalm in California (5) It is the cause of a serious and wide- 
spread disease of chickens known as jowl coryza The organism is very much 
like the influen/a bacilli of man and swine, and the disease has some similari- 
ties, but unlike the other diseases this one seems not to be associated with a 
virus. 

H gallinaium is isolated with some difficulty. Nelson succeeded first by 
using rather coarse Berkefeld filters which removed all ordinary bacteria 
but regularly passed this minute organism Later he found that colonics 
could be obtained on blood agar plates seeded with nasal exudate, providing 
the plates were sealed with wax DcBlieck, and Eliot and Lewis appear to 
have recovered it without sealing It is not wholly certain that the organisms 
isolated by these workers were identical. 

Morphology and Staining Reactions. The organism is of about the same 
size and shows the same plcomorphism as the swine influenza organism. If 
examination of cultures is postponed for a few days, the organism stains 
poorly, or perhaps has disintegrated. It is Gram-negative, non-motilc, and 
facultative anaerobic. 

Cultural Features. Both X and V factors are necesi'iry for growth. For orig- 
inal cultures slant agar with a small amount of sterile defibrinated blood 
added to the water of condensation is a favorable medium. The organism 
grows in the bloody fluid at the foot of the slant without altering its appear- 
ance. After the first two days of growth it is difficult to demonstrate the organ- 
ism microscopically. 
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On blood plates the organism grows best in the vicinity of colonics of other 
bacteria. Nelson found that best growth was obtained by sealing the plates. 
The colonies are very small, bluish-white, and transparent. 

Growth on chocolate agar resembles that of the influenza bacillus There 
IS no growth in gelatin, plain broth, milk, potato, and carbohydrate media. 
So far as has been determined no carbohydrates are fermented, and indol is 
not formed Nitrates arc reduced to nitrites, however 

Pathogenicity. The exudate of natural cases of fowl coryza is highly infec- 
tious when intrtxluced into the palatine cleft of susceptible birds Filtrates of 
this material arc not infectious except, as Nelson showed, when coarse Berkc- 
feld candles are used for the filtration, and the filtrates are incubated for a 
time in the presence of fresh chicken bItxKl Pure cultures will reproduce the 
disease and such cultures will retain their virulence for chickens after many 
generations in artificial media Rabbits and guinea pigs are resistant to in- 
jections of pure cultures Turkeys, pigeons, and many other species ol birds 
are also refractory 

Immunity, Successful methods of immunizing against fowl coryza have not 
been developed Even natural immunity appears to disappear after a few 
months and birds that have recovered may again suffer a new infection Many 
recovered birds remain carriers of virulent bacilli and it is in this manner that 
the disease appears to be propagated from year to year. 
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HEMOPHILUS OVIS 

This organism was found and described by Chas. A Mitchell (i) in 1925 
There have been no other reports on it. It occurred in a single herd of sheep in 
Canada, where it apparently was the active agent in a disease which caused 
acute illness and death in a considerable number of animals The symptoms 
and lesions of the natural disease were produced artiflcially by inoculating 
sheep with a pure culture 
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Moiphology and Staining Reactions. H. ovis is a small, Gram-negative rod, 
rather pleomorphic and non-motile. It stains poorly with all stains Coccoid 
forms which stain better than the other cells frequently are found in cultures. 
Dilute carbol fuchsin is the best stain for routine use 

Cultural Features. Cultures grow best at ^7° C. but some growth occurs at 
28° C. It does not form mdol but reduces nitrates. Blood is not hemolyzed. 
No growth occurs on potato or in litmus milk In stab cultures growth occurs 
only at the surface In blood-milk, no gross changes occur On plain agar and 
in plain broth, no growth occurred in the beginning but after a few genera- 
tions on chocolate agar, feeble growths were obtained in the uncnriched 
media. After persistent effort strains were adapted to grow fairly well on the 
plain media 

Best growth was obtained on heated blood (chocolate) agar slants Colonics 
came up in from 24 to ^56 hours as pinhead size, glistening, moist, grayish 
colonies When touched with the needle they were found to be viscid. 

H ovis requires only the heat stable factor (X factor) although growths 
were more luxuriant when the bUxid was healed below the point at which 
the Y factor is destroyed Acid but no gas is formed from dextrose, lactose, 
saccharose, maltose, mannose, m.innitol, galactose, levulose, raffinose, and 
sorbitol. Rhamnose, arabinose, snlitin, and inositol are not attacked 

Pathogenicity. The onset of the disease was sudden and featured by great 
prostration, marked cyanosis, labored and distressed breathing, and fever m 
the early st.igcs Sixteen out of seventeen naturally infected animals died 
within a few days Some animals discharged a bloody fluid from the nostrils, 
and most of them discharged bloody feces. The lesions consisted of broncho- 
pneumonia which was always bilateral and involved the anterior lobes, in- 
tense congestion of the abdominal organs, especially the kidneys, petechiae on 
various organs, and a yellow, friable liver having a ctxiked appearance. The 
lesions were reproduced faithfully in a sheep which received culture intra- 
tracheally 

Pure cultures killed guinea pigs and rabbits but proved innocuous for 
chickens. 

Immunity. There is no information on this point. Mitchell failed to demon- 
strate toxin in culture filtrates. 
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CHAPTER XIX 


THE BARTONELLA GROUP 


From very ancient times, a disease of man, characterized by fever, anemia, 
and a fairly high mortality, has existed in Peru under the name of Oroya 
Fever. Milder cases often show warty eruptions and this form is known as 
Verruga Peruviana In 1905 Barton (i) found a small cocco-bacillus within 
and attached to the red blood cells in Oroya Fever The name Bartonella bacil- 
hformts was given to this organism by Strong (9) in 1913 The nature of the 
organism was unknown until Noguchi (S), in 1926, cultivated it in artificial 
media, and reprcxluced the essential manifestations of both Oroya Fever and 
Verruga Peruviana in monkeys. It is now regarded as a bacterium, although 
very little is known about it The organism can be transmuted by the tick, 
Dermacentor andersont, but it is transmitted principally by a gnat belonging 
to the Phlebotomus group. The group is briefly described here because similar 
organisms cause disease in rats and dogs, and both diseases appear to be rather 
widespread although masked It may be that these infections will ultimately 
be found to be much more important than is now believed 

BARTONELLA MURIS 

This organism was first described by Mayer (7) in Germany in 1921 It was 
found in laboratory rats which had been infected with trypanosomes The 
organism closely resembles the one previously described, and like the pre- 
vious one IS found in and on the surface of the red blood cells The organism 
can be cultivated on blood agar, on which small translucent colonies are 
produced. The organism is motile It grows best at about 25° C It usu- 
ally will not cause infection in rats, unless the animals are infected with 
trypanosomiasis, arc given certain blood-destroying poisons, or are splenec- 
tomized. Of great interest is the fact that rats in many parts of the world, in- 
cluding the United States, carry this organism latently, as can be demon- 
strated by the fact that removal of the spleen often will lead to prompt 
development of the disease It appears that the spleen, possibly through a 
protective activity of its reticulo-endothehal system, is able to hold the disease 
in check. The disease is manifested by a rapidly developing anemia and by the 
appearance of the organism in the blood The animals may die of the disease, 
or they may recover after a few days 
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BARTONELLA CANIS 

In 1928, Kikuth (2), in Germany, described an organism similar to the other 
Bartonella which he believed to be the cause of an infectious anemia of dogs. 
Workers in other countries have, more recently, seen the same organism. 
None have succeeded in cultivating this organism, however, hence its rela- 
tionship to the other Bartonella has not been proved The disease appears to 
be rather mild Knutti and Hawkins (3), in the United States (1935) encoun- 
tered the condition in splencctomized, bile-fistula dogs Spontaneous periods 
of anemia, associated with excess bile production, were regularly associated, in 
some dogs, with the appearance of Bartonella-like bodies in the blood Simple 
splenectomy would not regularly produce the disease, but inoculation of blood 
of dogs containing the Bartonella into such animals was regularly followed 
by anemia and the appearance of the parasite. 

BARTONELLA BOVIS 

Donatien and Lestoquard (4) reported Bartonella in the blood of cattle m 
1934 Lotze and Yiengst (6) found similar forms in American cattle in 1942. 
Since they were found in animals infected with anaplasmosis the American 
workers were not certain that they did not represent a stage of the life cycle 
of Anaplasma marginale Later Lotze and Bowman (5) found them in an 
anaplasma-free calf shortly after it had been spleneciomized It is clear, there- 
fore, that Bartonella boots is not necessarily associated with anaplasmosis. 
Usually only a very few parasites are found in the blood, but they may become 
much more numerous during the incubation period following inoculation 
with anaplasms There is no evidence, at present, that Bartonella boots is of 
any economic importance 
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CHAPTER XX 


THE LISTERIA GROUP 


In 1927, Pine (12) in South Africa isolated an organism from a plague-like 
disease of the gerbille (a rodent) for which ht created a new genus called 
Listerella Inasmuch as it was |X)inted out to him later that this name had 
been pre-empted for a genus of slime molds, he proposed in 1940 that the name 
be changed to Listeria (13), a suggestion which will be followed here 
Closely related, and possibly identical with Pine’s organism is one which 
Murray (of England) (q) first found in stotk rabbits, prtxlucing in them a 
mononucleosis, one which Gill first found in sheep in New Zealand which 
produces "circling disease" of sheep and cattle, one which Ten Brocck found 
in a chicken in New Jersey which produces necrotic myocarditis and pericardi- 
tis, and one which Schultz in California and Burn in Connecticut found in 
cases of fatal mcningo-encephalitis of man 1 he name Listena monocytogenes 
has been applied to the rabbit organism It is not t]uitc clear that the species 
found in the other animals are identical with that of the rabbit, but at least 
they are very closely related They will all be described here under the name of 
the rabbit organism 

LISTERIA MONOCVTCXSENES 

Synonym Ltsterella monocytogenes 

Morphology and Staining Reactions. This organism occurs in the form of 
small rods, one to two microns in length, which frequently show slight club- 
bing and therefore appear like diphtheroids Cotcoid elements are commonly 
found Young cultures are actively motile. Spores are not produced It is 
Gram-positivc and non-atid-fast Usually Gram-negative cells can be found 
in young cultures and old cultures often arc nearly wholly Gram-negative 

Cultutal Features, Growth occurs on most of the ordinary laboratory media 
although It IS never abundant In general the gross features of cultures resem- 
ble those of streptococci 

For isolation we prefer blood plates The colonies may be seen after 24 
hours’ incubation at 37° C as minute points (deep colonies) and as small, flat, 
bluish-white, transparent surface colonies The deep colonies are surrounded 
by narrow zones of hemolysis of the Beta type, and this characteristic makes 
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them conspicuous The surface colomes seldom if ever exceed i mm. m di- 
ameter. 

Broth IS faintly and uniformly clouded Growth is favored by the presence 
of a little sterile serum or defibrinated blood When blood cells are present, 
hemoglobin, released from them, diffuses upward from the layer of sedi- 
mented cells Dextrose greatly favors growth 

Stab cultures in gelatin appear as a hne of discrete colonics along the stab 
Scastone says that an especially 
characteristic growth may be 
seen in semi-solid agar contain- 
ing dextrose Stab cultures in 
this medium usually show a 
cloud of minuic colonics sur- 
rounding the line of the stab 

Acid without gas is formed 
from dextrose, rh.imnose, and 
salicin within 48 hours Sucrose 
and dextrin arc fermented, but 
more slowly Results are incon- 
stant with maltose, lactose and 
glycerol These substances usu- 
ally are fermented slightly and 
slowly 

Litmus milk supports growth 
but there is little change in the 
appearance of the medium as a rule Sometimes it is slightly acidifiid There 
IS no growth on potato Hydrogen sulphide and indol arc not formed, and 
nitrates are not reduced 

Pathogenicity 

FOR RABBITS Large doses given intravenously cause a marked mononuclear 
leucocytosis of the myeloid type, focal necrosis of the liver, necrotic areas in 
the myocardium, and extensive involvement of the meninges. These lesions 
are also found in the guinea pig and other rodents The natural disease in the 
gerbille, known as the Tiger River Disease, described by Pine (12), presented 
lesions of these types 

FOR CATTLE AND SHEEP InfcctioH ID shccp was first described by Gill (4) of 
New Zealand in 1931 It was he who gave the illness the name of “circling 
disease” because of the characteristic actions of affected animals. This infec- 
tion obviously IS quite widely scattered in the eastern part of the United 
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States. It was first diagnosed in cattle bv Jones and Little (6) in New Jersey 
in 1934, in 1935 by Fincher (3) in New York cattle, and by Olafson (10) in 
1936 in New York sheep Later the disease has been reported in cattle in Il- 
linois, and in sheep in Oinnecticut, Illinois, and Iowa 
In sheep and cattle the disease caused by this organism is an encephalitis 
The cerebrospinal fluid may be cloudy and there may be some congestion of 
the meninges Usually the visceral organs show little or no evidence of dis- 
ease. Sections of the brain of such animals show polymorphonuclear and 



Fio 31 [jflnia monocvlo^ciics Blood a^ar jilaie incubated at 37° C for 24 hours 
The colonics arc not discernible in the photograph They arc very minute, each being 
surroundetl bv a sharply defined but narrow zone of Beta-type hemolysis Reduced one 
third 

mont)nucle.ir foci in the white matter of the cerebrum and cerebellum and 
perivascular cuffing with mononuclear cells The causative organism can be 
readily isolated from these brains, but the organisms often appear to be pres- 
ent in small numhers, hence it is well to inoculate the cultures liberally. Af- 
fected sheep show signs of depression, weakness, inco-ordination of move- 
ment, fever, walking in circles, pushing against objects, progressive paralysis, 
and death within two or three days The symptoms in cattle are similar 
Graham, Hester and Levine (5) isolated this organism from the stomach 
content ot an ahottcA Wtnc letns, and liom tVie \i\cr and hiain oi a rabbit 
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which had been inoculated with the same material. There was no history o£ 
listeriosis in the herd from which the animal came The aborting cow had 
been slaughtered immediately after aborting and was not available for study. 

FOR CHICKENS Ten Broeck, whose observations were recorded by Seasione 
(16) in i935> isolated this organism from a case of necrotic myocarditis in a 
chicken in 1932 Patterson (it) recorded the disease in four flocks in England 
in I937' latter found only one case of necrotic myocarditis in seventeen 
fowls studied, hence it appears that 
this IS not a common finding The 
affected birds suffered from emacia- 
tion and general weakness The le- 
sions consisted of edematous tissues, 
fluid in the body cavity and in the 
pericardial sac, and toc.il necrosis of 
the liver The organism was readily 
isolated from all birds by culturing 
the liver 

FOR SWINE Blester and Schwarte 
(1) have seen several outbreaks of 
listeriosis in swine in Iowa Young 
animals were affected more com- 
monly than old The symptoms were 
vague but suggestive of disturb- 
ances of consciousness. The lesions 
in the central nervous system were 
not marked, but were similar to those seen in sheep It was their belief that 
diagnosis of this condition in swine could be made with certainty only by re- 
covering the causative organism 

FOR MAN. Burn (2) found an organism which he concluded was identical 
with strains isolated from cattle by Jones and Little (6) in four human infec- 
tions. Three of these were new-born infants who died within a short time. 
All showed focal necrosis of the bver and meningitis with a thick green exu- 
date m the subarachnoid space covering the medulla, pons, and parietal lobes. 
In one case a pneumococcus was isolated in addition to the Listeria, in the 
other two the Listeria was in pure culture A fourth case was of a 53-year-old 
man suffering from bilateral otitis media followed by meningitis A type II 
pneumococcus and Listeria were isolated from the brain at autopsy. The 
lesions resembled those seen in the infants Schuh^ Terry, Brice, and Gebhart 



fjG ^2 Listeriosis, Brain, Cow The cells 
infiltrating the brain substance are t)oth mo- 
nonuclears and polyinorphoniK tears 1 here is 
marked perivascular culling x loo (Cour- 
tesy of S H McNutt ) 
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(15) also saw a case of meningoencephalitis similar to those described by 
Burn. 

Pons and Julianclle (74) isolated a culture of Ltstena from the blood of a 
girl suficnng from a disease which was di.ignosed as infectious mononucleosis 
or glandular fever The patient showed fever, angina, enlarged axillary and 
cervical glands, a palpable spleen, and a leucocytosis varying from ii,oqo to 
17,000 with 40 per cent monocytes These authors (7) observed that young 
cultures, when applied to the conjunctiva of rabbits, guinea pigs or rats, caused 
a distinct, purulent conjunctivitis which develojicd in from t to 5 days When 
the swollen lids were forced ajiart a thick, heavy exudate composed largely of 
mononuclear cells was expelled The conjunctiva was .leiitely inflamed, the 
cornea became opaque and pitted, and the blood vessels pushed out to the 
jiujiillary margin The reaction subsided in from 5 to to days and the leston 
healed in from 1 to 4 weeks 1 hey suggested the value of this test for tliag- 
nosis Graham and co-workers found that strains isol.ited from sheep and 
cattle gave this reaction in the rabbit's eye 

Immunity. Julianclle and Pons (S) found that eight strains which they 
studied fell into two agglutinative groups Their Type I was composed of 
two rabbit and two human strains, and lyjic II contained one cow, one go.it, 
one sheeji, and one hitm.in strain be.istone had previously noted th.it a rab- 
bit strain .igglutinated clifTerently than strains from other animals It was sug- 
gested that possibly it would be found that 1 ype I was essentially a rodent 
type (rabbit, gcrbillc) and Type II a ruminant type (sheep, bovine) The 
organism found by Gr.iham et .il (5) in a bovine fetus was tested with type 
scrum from Julianclle and found to fall into the rodent group 
Olafsoii (to) succeeded in immunizing several sheep so they would par- 
tially withstand intravenous inoculation of culture The disease is so sporadic 
that immunizing jiroeedures, even if successful ones were available, would 
not be of great service 
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CHAPTER XXI 


THE SWINE ERYSIPELAS GROUP 


T wo spctics arc jjcncrally rccogni/ccl in tins groii|) although it appears that 
these organisms probalilv .ire but vari.tnts oi a single species The “mouse 
scpiieemra b.icillus” w.is first tlescribccl by Koch (S) It w.is obtained by in- 
oculating a mouse with putrid IiUmkI It is known as hrysipelot/irix murisep- 
ticue In iSS^ Locfller (<)) rccogni7ed and isolated the organism of swine ery- 
sipel.is, Lrviipiiothnx rhiixioputhiuc The microscopic and cultural features 
of these two organisms are identical but the pathogcnieity differs Organisms 
apparently Kiintic.il have been isolated from lambs sulTering from arthritis, 
and from sick fowls '1 hey also have been isolatetl from apparently normal 
tonsils and niueous mcrnbr.ines ol swine, from tlteaving plant and animal 
tissue, and from the siinit on the IukIics of both tresh and salt-water bsh 1 hey 
arc lound in a local skin affeetion of man known as “erysipeloid " This condi- 
iioii IS seen in peisons who handle jxirk and pork products, and fish. 


ERYSIPFLOTHRIX RHUSIOPATHtAE 

Synonyms liiiallii' rliit\iopathiae <iiis. Bacterium eryapelatos suum, Bac- 

tiniiiii r/uhiopatliiac, the swine rotlauf bacillus 

This organism is the e.iusatisc agent of swine erysipelas, a disease of tre- 
mendous economic importance in continental Europe Until recently the dis- 
ease was ihouglit not to cMst in this country although Moore (12) in 1892, 
isolated an org.inism Irom the tissues of diseased swnne which he belieycd to 
be that of sssine erysii’elas In 1920 Ten Broeck (18) isolated the organism 
from the tonsils of 5 of 16 pigs affected with hog cholera in New Jersey In 
1921 thecch (4), of the United States Bureau of Animal Industry, succeeded 
in isol.iting It from the skin lesions of the "diamond skin disease,” a condi- 
tion which had been reeogni/ed for years as similar to the mildest form of 
the disease as it exists in Europe This finding remoyed all doubt as to the 
presence of the disease tn this country In 1922 Ward (21) called attention to 
the fact that a form of polyarthritis m swine in this country is due to this 
organism In 1941 acute ssvine erysipelas yvith serious losses tKcurred in some 
isolated areas in South Dakota Since that time the disease has been found in 
many parts of the United States In some fiarts of the syvinc belt (South 
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Dakota, Nebraska, Iowa) the disease has developed into one of the ma- 
jor problems of the industry as it has been for many years in continental 
Europe. 



Morphology and Staining Reactions. The organism usually occurs as a 
small, slim rod which is straight or slightly curved In cultures made from 
rough colonies long filaments are commonly found These often are beaded 
and exhibit swollen areas It 
stains readily with ordinary 
stains and is Gram-positive It 
IS non-mot lie and does not form 


spores 


agar 


Cultural Features. On 

and coagulated blood serum 
small, delicate colonics, so fine 
that they may readily be over- 
looked, are formed On gelatin 
the colonics are very small .ind 
have a fuzzy appearance When 
magnified this is seen to be due 
to filaments whieli radiate from 
the central core Gelatin stabs 
are particularly characteristic. 

Bcadlike colonies form along 
the line of stab, these finally coalesce to form a sjuke from which fine fila- 
ments push outward intti the medium at right angles, giving the whole 
growth the appearance of an inverted delicate test tube brush The gelatin is 
not liquefied Broth is slightly clouded and a flaky sediment collects m the 
bottom of the tube There is no growth on potato Milk is not usually altered, 
but occasionally it is slightly acidified Narrow discolored zones appear around 
deep colonies on blood agar plates. Hydrogen suljihide is produced and 
nitrates reduced Indol is not formed. Fermentation reactions differ accord- 
ing to strain Some strains apparently do not ferment any carbohydrates but 
most ferment dextrose, lactose, and levulose 


I'lG 35 V)\iipchth>i\ I husiupathme Cul- 
ture on scrum agar, iiuuImIuI for 24 Iiours at 
37“ C X 900 


Resistance. The organism is rather resistant to drying, and to such pro- 
cedures as smoking, pickling, and salting Farms which arc once infected with 
the disease will usually experience recurrences of it from year to year It is 
thought that the organism may live over from year to year on the pastures 
and in filth It will survive for relatively long periods in putrefying flesh and 
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in water It is not resistant to heat. Cultures arc destroyed by exposure to moist 
heat at 55° C for 10 minutes 

Pathogenicity 

FOR LABoRAioRY AMMAis Whitc mitc aiid pigcons are very susceptible to 
infcLlion by inoculation and arc commonlv used ill diagnostic work After 
subcutaneous inoculation they usually the in from iR Iwiirs to four days Rab- 
bits are not higlily susceptible Usually a l(x.al reaction octurs and the animal 
may die alter six or seven days Guinea pigs are quite resistant Inoculated 
mice usually show evirlcnct of eonpinelivitis, first serous and later purulent, 
which glues tlieir eyelids together They sit with arched hacks, roughened 
h.iir, a.id do not eat The lesions consist of enlargement of the spleen, disercte 
grayish foci in the liver, and oceasionallv congestion of the lungs The blood 
and Sfileen contiin large numbers of organisms, many of which have been 
taken up by jiliagocytcs Pigeons which have been inoculated intei the breast 
muscles, show swelling and hemorrhagic inllammaiion around the pome of 
inoculation The spleen is swollen and the liver may show focal necrosis 
T he organism is abundant in the blood anel tissues Wayson (22) has given 
a goexl account of a natural outbreak of this disease in wild mice and H ilfour- 
Jones (1) has described an outbreak in a stexk of laboratory rniec 

FOR swiNE Inoculation or feeding ol cultures clots not regularly produce the 
disease, yet it is quite certain that natuial infection occurs principally through 
ingestion In the attite septietmic hirm ol the disease in swine, the erysipelas 
organism may be louiul m the intestinal content in large numbers, and some- 
times It occurs 111 the urine The infection is spread through the discharges 
of such animals and the contamination of fcKid materials thereby The organ- 
ism has been found in the tonsils of apparently healthy pigs and in the flask- 
shaped glands that oeeiir on the ilecKccal valve It is ajiparcnt that such ani- 
mals act as earners of virulent infection 

Several forms of swine crssipelas are lecogniicd The acute form of the 
disease is a septicemi.i The spleen and lymph nodes are enlarged and red- 
dened, and the mucosa of the stomach and small intestine is acutely inflamed, 
hemorrhagic, and sometimes ulcerated The kidneys generally show' cloudy 
swelling and are often petcchi.itcd Red patches commonly occur on the skin, 
particularly of the ears, abdomen, and insides of the legs The mortality from 
this form of the disease is very high 

The chronic form of the disease nearly always takes the form of a vegetative 
endocarditis The heart valves, particularly the mitral, arc eroded and become 
so covered with fibrin deposits that ihcir functioning is seriously impaired. 
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Affected animals invariably die from this condition, sooner or later, and often 
suddenly. 

The arthritic form of the disease generally occurs in older animals, although 
arthritis may be part of the picture in the more acute forms of the disease. 
The joints become enlarged and painful, the animals are reluctant to move, 
the gait IS stilted, and the animals become stunted in growth 
The urtic.]rul, or skin form of the disease, often occurs in association with 
internal lesions, or it may occur without evident involvement of the viscera. 
The lesions consist, in the beginning, of reddish or jiurplish rhomboidal 
blotches on the skin, sever.1l centimeters in diameter and found principally 



Fifc 34 Diamond Skin Discast, Pig Cliaractci istic lesions of one type of swine 
erysipelas (Couricsy ol R A Mtlntosh ) 


on the abdomen The shajie of these blotches is like that of a diamond of a 
playing card and has given the disease its common n.ime of “tli.imond skin 
disease ” The urticaruil areas later become necrotic, the affcctctl skin dries into 
dense scabs which finally peel off leaving a bleeding area if removed too soon 

FOR SHEEP Pods (15) in igij described a polyarthritis in sheep caused by 
the swine erysijielas organism The disease was first recognized in this coun- 
try by Ray (16) in 1930, and by Marsh (11), working independently It has 
been described in several countries of Europe and in New Zealand. 

The disease is seen in lambs, beginning when they are from two to three 
months of age It is thought that the disease is contracted through umbilical 
infection but apparently this has not been proved The affected animals de- 
velop a stiff gait. They eat well but do not thrive. Advanced cases often get 
down and find difficulty in arising Affected animals seldom die from the 
disease. Lesions are not present in the visceral organs, in fact they are found 
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nowhere except in some of the (oints of the legs One joint or several of them 
may be affected The involved joint usually is swollen and the joint capsule is 
thickened Granulation tissue occurs on the inner surface of the capsule The 
fluid usually is thin but pus » ells can be found on smears The sjiecific organ- 
ism usually cannot be found in smears, but cultures are easily obtained. The 
organism is in every way typical 

FOR BIRDS According to Van Ls and McGrath (ly), the swine erysipelas 
tirganisin is jialhoginic for turkeys, chickens, gee sc, ducks, mud hens, pigeons, 
jiarrots, quail, and many sm.ill wild birds and larger species often found in 
ztKilogic.il parks In this country the sjsctics most often and most seriously 
affected is the turkey The first outbreak of tins kind was recognized by 
Beaudette and Hudson (2) in 1^36 In ly^S Van Rocckel, Bulbs and Clark 
(20) described three oulbre.iks occurring in Massachusetts, Vermont and 
New York Madsen (10), shortly before, described an outbieak in Utah It is 
apparent that the disease is an important one from an economic viewpoint in 
this country as well as abroad 

Affected turkeys usually arc adult, or nearing adult age They exhibit a 
cyanotic skin whith is most obvious as a “blue comb ” 1 he birds become 
droojiy, develop diarrhea, and die 1 he It sums consist of massive hemorrhages 
and pctcehiae in (he inuseles of the breast and legs, also large hemorrhages on 
the various serous membranes, jiarticularly those of the heart Hemorrhages 
occur in the mucosa o{ the gizzard and of the small intestine, and the con- 
tent of the intestine olteii is bloody. The liver and spleen are ordinarily con- 
gested anti enlargctl The causative organism can easily be isolated from any 
of the tissues 

Graham, Levine and Hester (5) described an outbreak of erysipelas in- 
fection in a huge flock of ducks in which between ten and twelve thousand 
ducklings about ten weeks of age were Itisi 

FOR MAN Many cases tif wound infection tif the hands have been reported 
In Eurojic mtist of the human cases have been attributed to the handling of 
infected swine and pork, but some have occurred in fishermen and fish 
dealers who have had no contact with swine According to Klauder, Righter 
and Harkins (7), the disease is fairly common among fish handlers along the 
entire Atlantic seaboard of the United States Human infections with this 
organism were well discussed by Klauder (6) in 1938 More than half of the 
cases recognized in the region of Philadelphia were m slaughter-house em- 
ployes who, presumably, were infected from pork and pork products. 

Klauder studied a number of cases among veterinary students who ap- 
parently had contracted infection from horse carcasses m the dissecting room. 
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Morrill (13) has also reported on student infections contracted in this way. 
In this instance the specific organism was isolated from one of the horse 
carcasses on which one of the infected students had been working. 

The infection in man is known as “erysipeloid” to distinguish it from 
human erysipelas which is caused by a hemolytic streptococcus Rarely the 
disease is manifested by septicemia which is likely to be fatal. The usual type 
IS manifested by a local lesion developing from an abrasion of the skin where 
the infection enters The lesion usually is on one of the fingers The intensity 
of the inflammation vanes The in- 
fected finger swells, and usually the 
swelling extends throughout the en- 
tire hand There is no suppuration, 
and no pitting on pressure A throb- 
bing and burning pain which usu- 
ally prevents sleep is a consjiicuous 
symptom There is marked ery- 
thema of the infected regicm, some- 
times local arthritis In the majority 
of cases the infection runs a course 
of about three weeks, a few heal in 
a shorter period and some rtcjuire 
much longer Local tieatmcni of 
the wound is of little value Wet 
antiseptic dressings are applied ind 
the hand often can be immobilized 
with advantage by splinting Ery- 
thema doses of ultra-violet light sometimes exert a favorable influence Spe- 
cific antiserum is used when there is evidence of arthritis and when the in- 
fection tends to spread unduly Klaudtr doubts ns value in the usu.il, uncom- 
plicated cases Fortunately the disease usually is self-limiting and will heal 
ordinarily within a month 

Source of Infection. The excreta of infected swine cont.iin large numbers 
of organisms and it is through the ingestion of food contaminated with such 
material that infections usually occur. Carrier animals exist and such ani- 
mals probably serve to spread the disease. Community sales-yards and stock- 
yards frequently are sources of infection Pork trimmings in garbage prob- 
ably account for many sporadic cases. It should be remembered that this 
organism is unusually resistant to smoking and salting, hence pickled and 
smoked products often are capable of causing infections. It has been suspected 
also that fish products, often used as protein supplements in animal foods, 



Fk, ts rivsiptliiiil I land of a 
btiuhtr ilTtctcd vmiIi trvMpiliiid A small 
puiiiiurc wound in llic palm had been 
made by a sliarp Ixim spliiUer from a 
pig carcass NoU ilic small wound and the 
large cryllicnnlmiv area surrounding it 
(Couricsy of J V K1 iiidcr ) 
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may be responsible for introducing infections. We have repeatedly isolated 
the erysipelas bacillus from samples of commercial ground fish meal, indi- 
cating that the processing of such material is not always associated with 
enough heating to destroy this organism 

Diagnosis. In swine the differential diagnosis between erysipelas and hog 
cholera often occasions tonsulcrable difficulty In recently infected lots of 
swine, erysipelas often sweeps through them with symptoms and lesions 
somewhat resembling those of cholera Schoening, Creech and Grey (17) in- 
troduced a rapid, whole-blood, agglutination test which can be used in the 
field and which is highly accurate in detecting the sub-acute and chronic 
cases A heavy susfiension of the caus<iiive organism, taking care that only 
smooth-types of the organism are used, is mixed on a slide with a drop of 
freshly drawn blood, in the |jro|Jortion of one drop of blood to two of the 
bacterial suspension Clumping of the bacilli w'lthin two minutes is indicative 
of infection breed (3) has described a precipitation test which he considers 
to be reliable This test can be done only tn a laboratory 

Immunity. Three procedures foi immunisation of sw'ine have been used 
successfully 'Ihcse arc known as (i) The serum alone method, (2) The vac- 
cine method, and ( 5) 1 he simultaneous method, in which living culture and 
immune strum arc used together 

IMMUNE SERUM Immuiit scrum is of value both for prophylaxis and for 
treatment hor treatment, 10 to 50 cc of scrum is iipcttcd as early in the course 
of the disc.isc as possible Losses may occur in spite of such treatment For 
prophylaxis the scrum is very successful, the principal disadvantage being 
that the immunity is short-lived It can be depended upon to protect for not 
more than 15 days For animals weighing less than 100 pounds, five cc of the 
serum is suiricicnl For larger anim.ils, one cc additional is allowed for each 
20 pounds in excess of 100 pounds, Ixidy weight 
Unless special jicrmission is obtained from the U S. Department of Agri- 
culture, this method of immunization is the only type permitted in the United 
States This restriction is believed advisable because swine erysipelas is not 
prevalent, except in some of the mid-w'csiern states, and danger of spreading 
the disease through the unwise use of living cultures is thus avoided. 

vscciNE METHOD This IS thf oldest method of immunization to this disease. 
A vaccine was developed and successfully used by Pasteur and Thuilher (14) 
m 1883, and their method continues to be used until the present time 
Attenuation of the culture for swine was accomplished by passing it through 
rabbits In the course of time such cultures acquire great virulence for rab- 
bits but simultaneously they lose virulence for swine Two strains are used, 
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the most attenuated being injected first, and the second about a week later. 
The procedure usually immunizes safely for periods of eight months to one 
year which ordinarily is as long as is necessary since the life span of swine is 
not much longer than that Breeding stock mav require reimmunization 
after one year 

This method is not wholly safe since vaccination erysipelas often occurs 
For this reason, it has been largely superseded by the folUiwing method 

siMULTsNEous METHOD The aiiimals are given a dose of virulent culture 
and at the same time a dose of immune scrum 1 he scrum protects the ani- 
mal from the full effects of the culture while the latter stimulates ,in active 
immunity This method is commonly used in countries where losses from 
the disease are great enough to warrant active immuni/.ition of hculs The 
live culture is capable of maintaining the infection in herds and in spread- 
ing the infection, of course, and tor this reason active immiini/ation of 
swine to crysijielas has been jirohibited in the Unilcd States until cjiiitc re- 
cently In some of the middle western states where the tliscasc has become 
prevalent ratlier extensive espenments have been conducted on the effect of 
the use of the serum-culture method of immuni/aiion during the last several 
years More than 500,000 pigs have been ireatetl on farms in this area On the 
basts of this cxpericnec, the U S Buieau of Animal Industry annoiineed on 
May 18, 1942 that limited commercial licenses had been issued for the manu- 
facture of live culture for simultaneous immuni/'ation of swine and Us sale 
m areas where state and national authorities agree that use of ihis method of 
immuni/ation is justified. 
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CHAPTER XXII 


THE ORGANISM OF GLANDERS 


The causntive agent of glanders has stoftd for many years in a group by 
Itself Quite similar to it, and classified with it by some authors is the bacillus 
causing metioidosif, a disease of man and rodents in Malay.i and other parts 
of southeastern Asia This organism is known as the baeillus of Whitmore, 
or Malleomyces whtimori 

MALX£OMYCES MAIXEI 

Synonyms Bacterium mallei, Bacilltn mallei, 1 ‘jeiflerella mallet, Loefflerella 

mallei, Corynebaitet mm mallei, Mycohacteniini mallet 

M * mallet is the cause of glanders, a disease [irimanly of solipcds (horses 
and the horse family) It alsii affects man and occasionally oilier kinds of 
animals, especially the members of the cat family whiih have fid on infected 
horse meat The disease is one of the oldest known It was described by ihe 
ancient Greeks and Romans As early as the lyih century il was recogni/ed as 
contagious, but there were dissenters from this belief as laie as ihe middle of 
the 19th century The infectious nature was proven by inoeulation tests long 
before the caus.ative agent was found The organism was isolated and shown 
to be the etiological agent by Locfller and Schiil? (X) in 1S82 

Morphology and Staining Reactions. In young eiiliurcs the cells arc long 
slender rods Older cultures often arc quite pletunoiphie, the bacilli varying 
in size and shape from coccoid elements to long slender filaments 1 he longer 
rods usually arc distinctly beaded, tfie shorter may be bipolar because of 
granules lying in each end of the cell In size the width is fiom 03 10 05 
microns and the length from 071050 microns The cells are always Gram- 

•The proper name for the genus in which the gl indcrs bacillus belongs h iI nnttrr of con- 
siderable uncertainty Buchnnan, m 1916, prc*jKj-ictl that it reprtvent the ivpt sjictits <>f a new 
genus for whitli he proposctl the mmc l*fc/ 0 crrlia InasniuUi a*. PfLilfcr had had iiutliing to do 
with the organism, the approfiriatcne*.. of rite name wa^ qj-Mumed and tins brought from 
Buchanan the admis<iion that the namt was the result of a rlencal error ami that he had in 
tended to pro{x>bc the name Loffflerella m honor of 1 <>cfni.r who huil first ilustnbctl it Since 
the new generic namc> inappropnale a? it might bt, had l>ccn published and therefore wa> 
valid, Buchanan, in ortUr to avoid further confusion, ciul not jHtmpt to torrcct the error Gay 
and Associates, in iheir recent text, have adoptid the name Lueffhtella but this lead has not 
been followwl by others iTie fifth wliUon of Btrgt> s manual has dropper) both Pjeifferflla 
and Loefflerella and has adopted the name Malleomyces which hail been proposed earlier than 
either of the others This seems logical and this name, thcrctorc, is used in this text 
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negative With the weaker dyes, it stains rather poorly Spores are not formed, 
there are no capsules, and there are no flagella 


Cultural Features. M mallet grows well but rather slowly upon ortlinary 
laboratory media, particularly if they contain glycerol It is rather insensitive 
to acidity and will grow well on media which arc too acid for most patho- 
genic haetcria 

After a few days’ incubation at 37° C the surface of glycerin agar slants be- 
comes covcrcil with a confluent growth slightly cream colored, smooth, moist, 

and viscid Continued incuba- 
tion causes the blanket of 
growth to increase in thickness 
and the color to darken until it 
IS a dark brown It is now so 
viscid as to make it difficult to 
remove bits of growth with the 
inoeulating loop Upon plain 
agar the growth is much less 
lusuriant 

Very characteristic is the 
growth upon glycerol-potato 
Old (sotato cultures generally 
become exceedingly luxuriant, 
the blanket of growth being 
slimy and then viscid, light tan 
in the beginning and a mahog- 
any brown finally 
In glycerol broth a viscid sedi- 
ment forms and if the cultures arc not disturbed a heavy, slimy pellicle forms 
from which stalactites stretch in the medium toward the bottom of the 
tube or flask The broth gradually darkens Cultures several weeks old be- 
come collee-colored 



Kio ^(1 Malltomyccs mafiti Film from exu 
date in ilic si rotal sac of a guinea pig infected by 
intraperitonijl inoculation of a pure culture x 
900 


The growth on gelatin usually is poor and ordinarily there is no liquefac- 
tion, although some authors have descrilicd strains which caused slow lique- 
faction Litmus milk is slightly acidified and coagulation may occur after 
long incubation Carbohydrates usually arc not fermented but dextrose media 
may be slightly acidified 

Indol IS not produced, nitrates are not reduced, and blood is not hemolyzed 


Resistance. The organism possesses only slight powers of resistance to dry- 
ing, heat and chemicals Outside of the body it probably cannot, under the 
most favorable of conditions, exist longer than two or three months. 
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Pathogenicity. The organism js highly pathogenic for horses, mules, and 
asses It IS less so for cats (wild and tame), dogs, goats, and man Sheep, 
swine, and cattle arc highly resistant. Guinea pigs are easily infected artifi- 
cially, rabbits less easily The disease occurs almost entirely in the horse spe- 
cies and in carnivora which have consumed infected meat Man is infected 
only occasionally when handling animals. 

The infection in horses may be either acute or chronic The latter is by far 



Tic Lesions of Glanders, Lunn, Horse This lung is cxtensncly involved Not 
only are there nodules hut the hemorrhages mdicaie lhat there is a diffuse involvement 
with glanderous pneumonia 


the most common form In mules and asses the acute foitn is more frequent 
than in horses 

The mode of infection is a disputed question, however, it appears probable 
that ingestion is more important than inhalation Infection of wounds of the 
skin occurs, though probably rather rarc'y According to the work of Nocard 
(i6), and of McFadyean (ii), infection can easily be produeed by feeding 
infected materials. In some cases lesions occur m the mesenteric lymph glands, 
but many times the lesions appear in the lungs and the mucosa of the upper 
air passages without evidence of disease processes in the intestine where the 
infection took place The intestinal tract therefore probably has a considerable 
degree of organ immunity The lungs appear very susceptible since they are 
nearly always involved irrespective of the port of entry. 
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The lung lesions may lake the form of nodules, or of a diffuse, pneumonic 
process The nodules have a characteristic histologic structure by which they 
may be recognized (5) (ii) This structure is not unlike that of a tubercle 
Through the rupture of lung nodules into bronchi and the carrying of in- 
fective material upward, the upper air passages frequently become the seat 
of characteristic lesions Apparently, also, these lesions can occur in animals 
by direct metastasis from the portal of entry for sometimes well-marked 



Fig ^8 Lcsiuii!, <i( Glamlcrs, N.isal Septum, Horse Shown are ccchymotic liemor- 
rliages and ilic superficial ulcers from which a sticky discliarge exudes 


lesions cxrcur in the upper air pass.iges when few or none exist in the lungs. 
The lesions in the nas.il pass.iges liegin as submucosal nodules which quickly 
break down forming shallow, crater-Iikc ulcers which exude a thick, sticky 
purulent material This is discharged from the nostrils constituting a highly 
dangerous exudate 

Glanders nodules may be found in other organs, in the liver and spleen, 
especially Frequently luxlules form under the skin, particularly of the legs 
These occur in the lymph channels, the infection ioc.ili/ing here and there 
forming cliains of nodules connected by indurated cords The nodules usually 
break down forming cr.iter-like ulcers which discharge a sticky, honey-like 
exudate containing the glanders bacillus This form of glanders is known 
as farcy Farcy can be .1 tnanifcsiation of local wound infection, but usually it 
IS accompanied by lesions in the internal organs McFadycan (11) who had 
a large experience with glanders in London, stated that “No case of glanders 
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With lesions elsewhere than in the lungs and with those organs healthy, has 
ever been recorded ” 

Distribution and Mode of Infection. Infection is contracted in most instances 
through ingestion, according to McFadycan (ii), although it probably can 
occur through inhalation and through wound infection Glanders has al- 
ways, until recently, been the 
scourge of army horses From an- 
cient limes until the Workl Wat of 
1914-1918, wars had always caused 
the disease to flourish and the dis- 
tribution of army animals into civil- 
ian service afterwards had served 
to spread the disease far and wide 
The American Civil War served to 
spread the disease over the eastern 
jiarts of the United States It flour- 
ished mostly in the cities where 
there were great concentrations of 
horses in the days of the horse<ars 
and the great livery and delivery 
stables, but it was by no means un- 
known in the rural districts Dur- 
ing the early part of the present cen- 
tury, after excellent diagnostic tests 
had been developed, the tlisease svas 
rapidly brought under control, and 
the advent of the motor car and the 
motor truck, which diminished the horse populations of all eiiics helped 
greatly in stamping out the disease. At the present time the disease has been 
practically chminated from the United Stales and the countries of western 
Europe, but in eastern Europe, particularly 111 Russia, where less vigorous 
measures were taken, the disease continued to flourish until very recently. 

Infections are contracted mostly from the highly infectious nasal discharges 
which contaminate the surroundings, especially harnesses, feeding troughs 
and the old-fashioned watering troughs Carnivor lus animals usually are in- 
fected by the eating of meat of glanderous horses A number of serious out- 
breaks have occurred in zoological parks from the practice of feeding horse 
meat to members of the cat family (7). Human infections occur principally 
among persons whose work brings them into close association with diseased 



I'lo 19 Skin Glanders or Farcy of the 
Horse 
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horses Infections may also occur through wounds while conducting autop- 
sies or while handling meat from glanderous animals, but this danger appar- 
ently IS not so great as had once been supposed, since McFadyean (12) re- 
ports that cases among the personnel of horse slaughtering establishments in 
London which handled thousands of diseased carcasses were very rare A 
large number of laboratory infections have been reported, a rather surprising 
fact in view of the comparatively slight infeetivity of glanderous carcasses 
fur man 

Diagnosis of Glanders. There are a number of ways by which this disease 
can be definitely diagnosed T he most important of these are 

I. PHYSICAL EXAMtNATioN AND POSTMORTEM LESION’S Well developed cliitical 
cases of glanders are generally easily di.ignosed by the symptoms, and the 
lesions are easily recogni/ed at autopsy in the ma)oiity of cases Unfortunately 
suth diagnoses can be made only ifter the animals arc well atlvaneed in the 
disease and have become dangerous spreaders of the infection 

2 DETECTION ot THE oRc.AMSM Af mallet may be readily cultivated from 
closed lesions ein plain or glycerin fiotato, or upon gly«.erm agar (preferably 
acid in reaction) When the lesion is eipcn and other organisms are present, 
It IS surer to inoculate sevcr.il guinea pigs rather than to depend on cultures 
If male guinea pigs arc inoculated iiitra|Kritoneally with not too great a 
number of the A/ malUi, .1 loeali/od peritonitis involving the scrot.il s.ic 
usually (not always) develops As a result of this process the scrotal sat be- 
comes enl.irgcd and painful Usually the piocess rtt]uires several days to 
reach its height T he testicle itself bttomes involved in a short time and the 
whole organ is reduted to a mass ot caseous pus which will brt.ik through the 
skin and discharge to the surface 1 his is known as the Stiatui Reaction (5) 
A similar reaction sometimes occurs due to other organisms, c g , Fa pvocya- 
neus and the Prcisz-Neicard bacillus, thus it is not diagnostic of glanders If 
tcKi many glanders organisms arc in)cclctl the guinea pig will develop a gen- 
erali/ed peritonitis and die in a day or two without showing the scrotal 
changes If the micction is made subcutaneously instead ot intraperitonealiy, 
an ulcer usually forms at the site of in)ection and the animal will die after 
four or five weeks with nodules in many of the internal organs 

3. SEROLOGICAL TESTS 

(a) Complement-fixation This test has proved to be the most accurate of the 
serological methods of diagnosing glanders It w.is first applied to the 
disease by the Germans about iqcx) and soon afterwards was introduced 
into this country as a di.ignostic prcKcdure by Mohler and Eichhorn (13) 
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(b) Agglutination This was first used by McFadyean (9) in 1896 It is gen- 
erally admitted to be not so accurate as the previous test The New York 
City Health Department (i) reported it as about 84 per cent accurate. 
The failures were in the more chronic cases Normal agglutinins exist in 
a concentration as high as 1-500 in many horses Infected animals usually 
react in dilutions of i 1000 and higher (15) 

(c) Precipitation This test is done with the serum of the animal suspected 
of being glandered and with an extnict of the M mallei In the hands 
of some the lest has been quite successful, although it probably is no 
more reliable ih.an the agglutination test A positive precipit.ition test 
IS definitely indicative of glanders, a negative lest docs not exclude 
glanders 

4 MSLLFIN TESTS. Mallcio IS a product in every way .'nalogoiis to tuberculin. 
In the early days it was m ide by extracting, with glyi.erinatcd water, the 
glanders bacillus which h ul been grown on potato Later the crude mallein 
was, and is at the present time, proeluctd by growing the org.inism on glycerin 
broth A slimy, slowly developing film apisears on the surface, the broth is 
clouded, and a gummy sediment forms The medium gradually darkens 
After several months’ incubation the culture is killed by steaming and the 
organisms arc removed by filtration The filtr,ite constitutes the crude mallein 
For special purposes this mallein is concentrated by evaporation, or is precipi- 
tated by alcohol in the form of a while powder 
Mallein, for normal animals, is an inert or, at the most, only a slightly toxic 
substance Amm.ils aflected with glanders, however, arc hypersensitive to it 
and symptoms of intoxication occur when it is injected into them It is, ac- 
cordingly, a valuable diagnostic agent Mallein has been used by some for 
treating glanders 1 he value as a curative .tgent is doubtful 
Mallein is used in three w.iys (a) Subcutaneous test, (b) Ophthalmic test, 
(c) Intrapalpcbral lest When injected subcutaneously it gives rise to fever 
which appears and subsides again within twenty-four hours after the injec- 
tion There is usually a marked swelling at the point of injection Normal 
horses may show some swelling at the point of injection but the temperature 
curve IS absent The ophthalmic test consists of instilling some concentrated 
mallein into the eye (conjunctival sac) A pus-forming inflammation of the 
eye occurs within a few hours when the anima, is glanderous. The intra- 
palpebral test consists of injecting a sm,ill amount of concentrated mallein 
into the skin of the lower eyelid A local swelling and a pus-forming inflam- 
mation of the eye occurs The intrapalpebral test is more accurate than the 
ophthalmic and accordingly is more often used. 
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Immunization. It ha<: been generally believetl that animals never recover 
from glanders Recovery certainly is not usual but there have been many re- 
ports of horses which, after showing symptoms of the disease and after re- 
acting to diagnostic tests, h.ive made clinical recoveries and have become 
negative to the l.iboratory tests It appears, then, that recoveries do occur (lo) 
Many attempts have been made to protect animals against glanders by the 
use of a variety of biologic.il products but none has proved successful (14)- 
Control of the disc.isc h.is been accomplished wholly by methods which in- 
volve early di.ignosis and elimination of the re.icting animals ('linical ex- 
aminations at frequent intcrv.ils, the use of mallein anti the scrologic.il tests, 
and the destruction tif .inim.ils which give evidence of infection by any of these 
methods has proved adec]uatc These methods have practically eliminated the 
disease from the United States and from many European countries. 

Glanders in Man. Man is not highly susceptible to gl.indcrs, yet numerous 
infections have occurred in persons ciring for glanderous animals, especially 
stable men and veterinarians (2) The disease is characterr/cd by sss'tlling 
,ind pain at the point of mtcetion (usually the hand, the hi), or the eye) which 
comes on in from three to five days, swelling of the neighboring lymph 
glands, development of n.isal and mouth ulcers (in about h.ilt tbc cases), 
development of ahseessts and pustules in the skin, loint inflammations, and 
general symptoms accompinied by fever 'Ihc cases usually end fatally in 
from two to four weeks A few cases of glanders 111 man occurred in Russia 
during the World War Chronic glanders m man has been vividly described 
by Gaiger (6), a Hntish veterinarian who contracted the disease m India 
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CHAPTER XXIII 


THE ACID-FAST ORGANISMS 


The property of .icid-f.ntness n posscwd hy a large group of rod-shaped 
organisms A great many spccits of these organisms are found in the sod, 
where they live a saprophytic eMStence A few species arc wholly parasitic 
and pathogenic in the sense that they cause transmissihle diseases In another 
sense all acid-fast organisms are at least mildly pathogenic for all of them con- 
tain irritating lipoids and proteins and when inoculated into tissues of living 
animals they cause the form ition of granulomatous lesions which .ire called 
tubercUf ’1 uhercles may he produced bv the inoculation of he.it-hilled cul- 
tures, or by certain extracts of cultures as well as by the living organisms 
Sabin (26), working with chemical fractions prepared by Anderson, showed 
that tubercles are produced by tissue stimulation with a constituent of the 
phospholipid fraction of the bacillary bodies, a subst nice that proved to be a 
saturated fatty acid to which the name phthioic acid was given It appe.trs, 
therefore, that the principal dilTerencc between the pathogenic and the non- 
pathogenic species of this group is that the former possess the power of mul- 
tiplication in the tissues whereas the latter do not The similarily of the chemi- 
cal composition of some well-known acid-fast organisms is indicated m the 
following tabic which is taken from Chargoll, Pangborn and Anderson (7) 


TABI t XI 

IME nil MICAI. COMl’UMritlN OF SFVFRXL 1 M’ICAL \CHir\bT 
ORGANISMS 
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The simple rod-shaped acid-fast organisms referred to above belong to the 
genus Mycobactemmi Besides the mycdwcteria, the properly of acid-fastness 
1$ possessed m variable degree by some of the higher bacteria, actinomyceies, 
and molds Some have claimed to have induced acid-fastness in bacteria which 
normally do not have tins character by cultivating them on media of high 
fat content Bruner (5) was unable to accomplish tins and decided that such 
results are artifacts On the other hand organisms which arc normally acid-fast 
often arc found in a non-acid-fast form, and many of them can be induced 
to develop in a non-acid-fast form bv cultivating them in mecli,i in which there 
IS little available carbon Often 11 is imjiossihle lo demonstrate acid-fast or- 
ganisms in smears .ind sections of diseased tissue but cultures arc readily ob- 
tained Some have thought that the .icid-t.ist lorm is but one stage in a cycle 
in which other stages arc non-aeid-l.ist but there is liltle to support such a 
hypothesis When acid-fast organisms cannot be elemonstraicd microseopi- 
cally It means, in most casts at least, that the numbers present are very few, 
but It may be that in some cases the organisms present aie starved as in 
carbon-free media and exist lempor.irily in a non-aeid-Cast form, 

MYCOBACTERRIM TUBl RCULOSIS 

Synonyms Bac/fho tttbactilo'K, Bacterium tuberi ulo^is, the luberele bacillus 

T he disease caused by this organism was tleseribeei over two thousinel yeais 
ago, and bone lesions found in bgypti in mummies prove that it existed 
among people long belure that Quite naturally there was much confusion 
between tuberculosis and oihcr diseases of man in ancient and medicv.il limes 
and this confusion lasted until after the middle of the i9lh eentiiry. Many 
early writers claimed the disease 10 be infectious, but others rega'ded it as a 
form of malignant tumor and non-infectious until after the causative agent 
had been found anti experimentation h.id removed all tloubt as to us nature 
Although he was not the first to claim infcctiousncss, Villemm (3S) demon- 
strated, in 1S65, that tuberculous tissue from man and cattle produced the 
disease in rabbits by inueulatjon 

The tubercle bacillus prob.ibly was first seen in tissues by Baumgarten (2) 
in 1882 In the same year Robert Ktxrh (,17) succeeded in demonstrating the 
organism m diseased tissues by staining them with aikalinc methylene blue 
and counterstaining with Bismarck brown (vesuvin) With this method the 
tubercle bacilli remained blue while all other organisms and tissues lost the 
blue and took on the brown color of the counterstain, Koch also found that 
the organism could be cultivated in pure culture on a medium consisting of 
coagulated bovine serum With such cultures he readily reproduced the dis- 
ease in experimental animals and thus removed all doubt as to us eiiologi- 
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cal relationship. His final report on this work was published in 1884 (18). 

Koch was unable to induce the organism to grow on any of the ordinary 
media Notard and Roux (26) in 1887 reported that cultures could be suc- 
cessfully grown on ordinary nutrient agar and broth fortified by the addition 
of from 5 to 8 jier cent of glycerol, and this is the simplest medium for 
tubercle b,iLi]li that wt have today These media are not suitable for making 
primary isolations but serve very well for strains that have been accustomed 
to artificial growth on media containing blood serum or egg yolk The egg 
medium of Dorset (8), described in igo2, is still one of our most useful for 
primary cultures 

The organism grows fairly readily though slowly on suitable artificial 
media It requires much free owgcn for vigorous growth, henee it docs not 
multiply in the dc|)ths of most fluid media and it will not grow under anaero- 
bic conditions Even the scaling of the culture tubes with wax partially in- 
hibits growth, presumably through the reduction in the amount of free 
available oxygen 

Biologic Characters. The Afy<ohacUrutm tuberculosis produces a character- 
istic, dry, wa\v growth on artificial media Ihe appearance differs according 
to the culture meditim upon which it is grown, and the type and age of the 
culture All of the iriit luberele Iweilli grow slowlv, especially w'hcn recently 
isolated On fluid media heavy (lellicles are formed, whereas the underlying 
fluid rcm.iins practically free of organisms 

The organism dots not form sjxires and [xissesses only moderate resistance 
to heat It IS tleslroveil by p.istcuri/ation It is fairly resistant to desiccation 
Direct sunlight is rapidly fatal to it In moist soil the org.inism may remain 
alive for more than .1 )ear It resists putrefaction fairly well To most of the 
disinfectants the org.inism has no unusual resisting powers, but to acids and 
alkalies it has unusual resistance Antiformin destroys it very slowly, hence it 
may be used to isolate tubercle bacilli when they are mixed with other or- 
ganisms 

Pathogenicity. The name of the disease caused by this organism is derived 
from the Latin word Utbeiculum which means a small nodule or lump As 
has already been explained, wherever acid-fast organisms lodge and multiply 
in living tissue a reaction is induced resulting in the formation of a granu- 
lomatous nodule, hence the disease is well named The disease is essen- 
ttallj one of the lymphatic system Beginning at the port of entry into the 
body the bacilli are carried in the lymphatics, usually lodging in the first 
lymph node where multiplication occurs and a tubercle is formed Escaping 
from the primary focus, secondary foci often are formed, and this process of 



THE ACm-FAST ORGANISMS 


231 

extension may go on until eventually the bacilli may reach the blood stream 
by which they are carried to all parts of the body Most cases do not go as 
far as this, and the disease remains restricted to certain parts of the body re- 
lated to the portal of entry. If bacilli man.ige to reach the blood stream in large 
numbers, they are phagocytosed and most of them are carried to the lungs, 
liver, and spleen where many small tubercles are formed The individual m 
this case is said to be suffering 
from miliary or generalized tu- 
berculosis and usually dc.ilh 
soon occurs 

In mammals the most fre- 
quent localisation of tubercle 
b.icilli IS in the lymph nodes of 
the pharyngeal region and in 
the nodes of the chest Of the 
principal visceral organs, the 
lung IS most often invohed. 

The form of the disease varies 
from one, or a few tubercles 
which often heal and never 
cause symptoms, to extensive 
tubcreulosis abscesses The hit- 
ter are often found in the lungs 
The large masses of lubcrculous 
granulation tissue containing caseous material which has .1 tendency to calcify 
may occupy the greater part of the tissue of one or both lungs The brt.iking 
dow'ii of this tissue leads, in man to a greater extent th.in m animals, to the 
formation of great cavities because of the slisehargc of the caseous content 
through the air passages Severe and ofien fatal hemorrhages (x:cur in man 
through rupture of corroded blood vessels into these cavities Such individuals 
suffer from continued, low-grade fever, weakness, emaciation, hemorrh.ngcs 
from the lungs {hemoptysis), and a cough which raises sputum which often 
IS rich in tubercle bacilli 

Of the domestic animals, cattle, horses, swine, and chickens are highly sus- 
ceptible and often suffer from tuberculosis Sheep, go.its, carnivorous animals, 
and water-fowl are relatively resistant, although the disease is occasionally 
found in all of these 

The Types of Tubercle Bacilli. Villemin (38) showed that tuberculosis 
could be produced in rabbits by inoculating them either with sputum from 
human cases or with tissue from the nodules which occur on the chest wall 
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of tuberculous cattle He believed, therefore, that the diseases of man and of 
cattle were identical and caused by a single virus This belief was also held by 
Koch at first since, after demonstrating the acid-fast bacilli in human ma- 
terial, he found wh.it appeared to be the same organism in bovine tissues 
Ri volta (^1 ), however, in 1889 showed that the bacillus of birds was not identi- 
cal with those of mammals, and Theobald Smith (34), in 1898, pointed out 

certain differences in cultural 
characteristics and pathogenic- 
ity between the types ordinarily 
found in man and those found 
in cattle 

Three types of tubercle ba- 
cilli are now rccogni/ed as re- 
sponsible for tuberculosis in 
warm-blooded animals These 
arc the human type, the boyine 
type, and the avian type Of 
these, the m.immali.iii types 
(human and bovine) arc very 
closely rclatetl The differences 
between them arc t)uantnative 
ratlicr than qualitative The 
avian type, on the other hand, 
differs from the mammalian in 
many respects 1 his has been recognized in the Fifth Ldition of llergcy’s 
Manual by scgrcgiiiiig the avian lyjx; under the name of Mycobactenum 
ai'iiim Here we shall continue to regard the organism as Mycobucterium 
Inhenulo^tt, variety, at/iiini 

Instead of dividing the mammah.an tubercle bacilli into the two types, 
human and iMivme, hnglish authois, ts})cciallv Griffith, refer to them as the 
eugomc and the dy\^anu types These terms have reference to the compara- 
tive ease with which primary cultures of the human type usually arc obtained 
and the greater difficulty with primary cultures of the bovine type The term 
eugomc IS equivalent to the human IvjK, and the dysgonic, the bovine 

Differentiation of the Types of Tubercle Bacilli. Identification of the types 
of tubercle bacilli frequentlv cannot be based upon the host from which they 
are isolated for, as will be shown below, the host relationship is far from a 
fixed one. Some idea of the tyjtc may be gained by microscopic examination 
of the organisms but this is uncertain because there is considerable variation 
in the size and shape of each type. Cultural features generally will serve to 
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differentiate the avian type from the mammalian, but distinguishing between 
the two mammalian types on cultural grounds is quite uncertain T. he most 
satisfactory method is based upon pathogenicity for experimental animals, 
although this sometimes fails Strains which have grown in unusual hosts 
sometimes show unusual properties which makes it difficult to assign them 
certainly to any of the rccogni/ed fixed types 

1 coMPARMivi' MORPiioLdOY Thc aviaii type is the most pleomorphic of the 
three types In infected tissue it usually apjKars as very short, solid-slaining 
rods In cultures it often appears as very long, beaded forms Thc bovine type 
appears in cultures and tissues as straight, solid-staining rods with compara- 
tively little variatitin Thc human tyjie is usually somewhat curved, is longer 
than the bovine type as .> rule, and often has clubbed ends Heailing is freejuent 
in the human type, both in tissues and in eulluies, hut long lilaraents are not 
usually found All three types are strongly .leitl-fast 

2 coMPSRAiivE ctinuuAi lEAiiRi-A 1 he aviaii lypc bae'illus IS mucli luore 
readily euliiv.Ucd than the mammalian types Primary cultures on glycerin 
ag,ir usually succeed in the case 
of thc avian type hut rarely or 
never in the ease of the mam- 
malian T he wtll-devtlopcd 
growth of the avian type on 
solid media is soft, smooth and 
rather InilyTous On fluid me- 
dia a slimy pellicle is formed 
and slimy stalactites extend 
downward into the medium In 
very old cultures a viscid sedi- 
ment collects in the bottom of 
the culture vessel Except for 
the slimy stalactites, the fluid 
beneath thc pellicle remains 
clear 

Primary isolations of thc 
mammalian types of tubercle 
bacilli usually require a solid 
medium containing egg yolk, 
or coagulated blood-scrum Thc bovine type develops with greater difficulty 
and more slowly than the human type and does better if glycerin is omitted 
from the medium. The human type develops on the same media but thrives 
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much better if 5 per cent glycerin is included in the medium After the strains 
have become accustomed to growing on artificial media, both types will grow 
much faster and the final volume of growth is much greater, but at best 
growth IS relatively slow The effect of the presence or absence of glycerin in 
the medium then is not so marked although the preference of the human type 
for the glycerin is never lost Old, well developed cultures of the two mam- 
malian varieties cannot be dis- 
tinguished with certainty even 
by the experienced worker The 
appearance of the growth dif- 
fers accoriling to the type of 
medium used but generally 
both produce rather dry, granu- 
lar growths which heap up on 
the slants reminding one of the 
castings of earthworms except 
in color The color depends 
upon whether or not the cul- 
tures have been exposed to light 
Those grown in complete dark- 
ness are grayish-white, those 
which have had considerable 
exposure to light take on a tan 
or even a distinct brick-red 
color On fluid media both tyjies grow (Kxirly until they have become ac- 
customed to It If the delicate pellicles arc carefully lifted to fresh media and 
c.iuscd to float on the surface, they spread over the surface in the form of a 
dull, grayish, translucent iiellicle which later becomes thickened and thrown 
into folds After several weeks, these jicllicles become quite thick, opaque, 
and dry in appearance, and they push up at the margins on the sides of the 
culture vessels At all st,iges of growth the pellicles are fragile and brittle, thus 
contrasting shaqily with those of avian strains which are slimy The broth be- 
neath the pellicles remains quite clear and there is very little sediment even 
in very old cultures 

Theobald Smith (35) early pointed out a growth character by which mam- 
malian strains generally may be differentiated from each other. This depends 
upon the fact that the human type utilizes glycerin very actively whereas its 
utilization by the bovine type is very limited When cultivated upon a broth 
containing 3 per cent glycerin, human types ferment the glycerin pro- 
ducing enough acid to maintain a terminal acidity of the medium, whereas 
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the bovine types leave the medium alkaline Fully developed cultures are 
tested with phenolphthalein. If the reaction is acid, the presumption is that 
the strain is of the human type, if alkaline, that it is of the bovine type If 
the glycerin content of the medium is below one per cent, both types produce 
alkali. This reaction generally holds true but it is of little practical differen- 
tial value because of the necessity of training the strains to develop well on 
a fluid medium before the test may be made 

3 COMPARATIVE PATHOGENICITY. Tlic avian type of the tubercle bacillus usu- 
ally is highly pathogenic for chickens and rabbits It is nearly non-pathogcnic 
for guinea pigs as a rule Frequently local lesions .ire produced in this species 
of animal but only rarely does the disease become generalized The mam- 
malian types are almost wholly non-pathogtnic for chickens, but most strains 
will produce progressive infections in giiine.i pigs h.icliiig lo their death 
from generalized tuberculosis These features serve to distinguish the avian 
type bacillus from the mammalian types 
The differentiation of the mammalian types from c.ieh other is more diffi- 
cult. On the whole the bovine type is pirh.ips a hlllc more virulent for guinea 
pigs than the human, as me.iv 
ured by the rapidity of the dc 
vclopinent of the lesions and 
the time of death of the ani- 
mals, but this difference is too 
slight to make it useful in dif- 
ferentiating the types In ihe 
rabbit, however, there is gen- 
erally an appreciable difference 
in the virulence of the two types 
as was first pointed out by 
Smith (34) When this animal 
IS given a small dose of bovine 
type tubercle bacilli of normal 
virulence, a progressive disease 
IS set up which leads to its 
death in from three weeks to 
three months The same size 
dose of human type bacilli of 
normal virulence usually produces only local lesions from which the animal 
recovers At the end of three months rabbits which have been inoculated with 
human material usually not only are living but they have taken on weight 
and appear to be thriving. A clear presentation of the value of the rabbit test 
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for differentiating human ty[)e tubercle bacilli from tbe bovine type may be 
found in the pajicrs of Park and Krumwiede (27) who used the method ex- 
tensively 

When It IS desired to determine the type of tubercle bacilli present in tis- 
sues, the best available procedure involves the experimental inoculation of 



Ek. 45 \ Primarv Tubercle A \cry carlv tubercle in the lung of a rabbit caused by 
Mycohaitenum tiiherciilosit, nvian t>t>e The structure is typical of all primary tubercles 
irresjiccme of the tv(>c of liacillus concerned Tlic ccnlral area of necrosis is surrounded 
by a layer of cpitbclinid cells winch make up the greater part of the field 1 he periphery 
of the lesion consisis o> Hbroblasls and lymphocytes Giant cells appear a little later near 
the margin of the necrotic area x 300 

guinea pigs, rabbits, and chickens Care must be taken to be sure that the ex- 
perimental animals are not naturally infected There is comparatively little 
chance of this happening in rabbits and guinea pigs but there is real danger 
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of mistakes in case of chickens if one is not sure that they came from a tuber- 
culosis-free flock The safest procedure in all cases is to inject mammalian 
tuberculin intradermally into the mammals and avian tuberculin into the 
chickens before they are used If no reactions are obtained one may proceed 
with reasonable assurance 

It IS best always to isolate the organism in pure culture, since in tbis way 
the dosage may be better regulated A small bit of the culture is scraped from 
the surface of the solid medium and weighed It is then plated m a small 
mortar and ground until the larger clumps are broken up Broth or saline 
solution IS added to make a smooth emulsion of the haciDi anti this is diluted 
until there are about o i mg of tubercle bacilli per cubic centimeter of fluid 
About 0 r tc of this fluid is injected into each of the cxperimcnt.il animals, 
making a dose of about oot mg After a little experience one can judge suffi- 
ciently accurately the amount of material that he has scrajied from the culture 
so It IS unnecessary to do the laborious weigliing process on each sample 

The guinea pigs should he intKulated subcutaneously in one of the thighs, 
or It may he injected into the muscular tissue The rabbits are inoculated in 
the ear vein, and the chitkens in the brachial vein where it trusses the sec- 
ond joint on the under surface of the wing 

If the strain is a typical avian lyjit, the chitkens and rabbits will gradually 
lose weight and usually wilt die after several weeks but tht guinea pigs will 
remain well If it is a bovine type, the rabbits and guinea pigs will sicken and 
die but the chickens will remain well If it is a human type, tht guinta pigs 
will die but the rabbits and chickens will remain well All animals which 
remain alive after 8 to 10 weeks should be destroyed and aulopsitd 

Pathogenicity of the Types of Tubercle Bacilli for the Domestic Animals. 
Whereas the well-known tubercle tyjxis art in thtir native habitat w'hcn they 
are in man, cattle, and fowls, respectively, all of them arc frequently found in 
other species of animals Some are susceptible to only one type, others may 
be infected by tw'o types and still others suffer from all types The disease 
picture usually differs somewhat according to the lyjic involved 

Table XII, p 238, is taken from Griffith (14) who has done a great deal 
of work in identifying the types in man and animals in England 

Pathogenicity for Animals of the Human Type of Tubercle Bacillus. It will 
be noted in Table XII that the human type of tubercle bacillus plays a 
relatively small role in animals. 

FOB SWINE Infection of swine with the human type tubercle bacillus gener- 
ally occurs through the feeding of uncooked garbage. Garbage originating in 
tuberculosis sanatoria is particularly likely to cause these infections, however, 



238 


THE PATHOGENIC BACTERIA 


TABLE XII 


TOTAL NUMBER OF CASES OF NATURAL TUBERCULOSIS IN DIFFERENT 
ANIMALS IN WHICH THF TYPE OF TUBERCLE BACILLUS HAS BEEN 
DETERMINED (FROM CRIFFITH) 


Spec Its 
or Animal 

Nl MBfcR 
or Cases 

TyPI S of T LBrKLLL Bst ILLI ToilND 

Bovine 

Human 

Asian 

Horse . 

25 

24 

- 

I 

Pig .. 

163 

118 

5 

43 

Cat 


20 

- 

- 

Hog 


I 

3 

- 

Goat 


I 

- 

- 

Sheep 


2 

- 

2 

Cattle . , . 


50 

1 

1 

fowl 




'3 

Guinea pig .... 


5 

I 

- 

Rabbit 


4 


4 


Feldman (n) found human tubercle bacdli in the lcsion<: of 12 swine which 
had been fed on general garbage collected in a city, indicating that human 
sputum probably enters garbage more often than would have been supposed 
The lesions usually are minor in character, consisting ordinarily of a few 
small lesions in the lymph ntidcs of the pharyngeal region, and in the mesen- 
teric nodes. The disease seldom or never generalizes and the animals show 
no clinical evidence of the infection except for their newly acejuired capacity 
to react to tuberculin 

FOR DOCS Tuberculosis of dogs is not common Occasionally clinical cases 
are encountered with extensive involvement of the lungs, liver, and spleen. 
Mure often the animals display no symptoms, and lesions in the lymph nodes 
are found unexpectedly at autopsy The majority of such cases are caused by 
bacilli of the human tyjic, but an appreciable percentage prove to be bovine. 

FOR CATTiE Cattle are quite resistant to tubercle bacilli of the human type 
but minimal infections of the lymph nodes of the pharyngeal region and of 
the mesenteric nodes iKcasionally are found A careless tuberculous owner 
or caretaker who expectorates freely around a cow barn has been known to 
cause multiple infections in the herd The infection is of little importance 
except for the fact that the animals become tuberculin reactors 

FOR BIRDS All birds, except members of the parrot family, are highly resist- 
ant to mammalian tubercle bacilli A considerable number of tubercle infec- 
tions in parrots which have been companions of tuberculous people have been 
reported. 
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FOR HORSES, CATS, SHEEP, AND GOATS. Thcsc spccies appear to be quite resistant 
to tubercle bacilli of the human type 



Fig 46 Tuberculosis, Liver, Chicken Upper, Cross lesions in cut section Lower, 
Lesions as seen from the surface 


Pathogenicity for Mammals of TuEiercIc Bacilli of the Avian Type 

FOR SWINE The avian tubercle bacillus readily infects swine In the majority 
of cases the disease is limited to the lymph nodes of the head, neck, and ali- 
mentary canal In these nodes well-marked caseous lesions are often found. 
It is generally believed that generalized tuberculosis of swine usually is caused 
by tubercle bacilli of the bovine type rather than by the avian, but Feldman 
(9) found that avian type bacilli were responsibL for 24 out of 26 cases in 
which the carcasses had been condemned by the meat inspectors in a mid- 
western state because of generalized tubercle infection, hence it seems that 
this idea needs revision. 
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Since bovine tuberculosis has been reduced to a low incidence in the United 
States, by far the greater number of tuberculous swine carcasses now detected 
in meat inspection e\aminatiuns are the result of activities of the avian bacil- 
lus In a study conducted in 1925 when the bovine disease was still quite prev- 
alent, Van Es and Martin (^6) showed that in a series of more than 200 por- 
cine lymph nodes affected with tuberculosis, approximately 88 5 per cent 
contained the avian type alone, an additional G per cent contained avian as 




Tic 47 1 ulicrculosis, Intestine, Chicken Intestinal ulcers arc common m avun lubtr- 
s-iiliisis 'Ihcsc ulcers gracluallj' iKionic scryclcxi>, the tissues of tlic inteslinal wall form- 
ing sac like striKltircs which ipiiear on ihe serous surlicc like tumors The centers arc 
hllcil with tin, caseous material nhich gratlualls ilischarges into the iiilistiiial lumen 

well as mammalian, and only .ibout 5 |>er cent contained mammalian tubercle 
bacilli alone 

FOR cariLE Avian tubercle bacilli has'c quite frequently been found in lesions 
in cattle in the north-central pan of the United States where tuberculosis in 
poultry IS prevalent These organisms are picked up from the soil w'hich is 
(xilluted bv infected birds. The lesions are insignificant, as a rule, and are 
located m the lymph nodes which dram the digestive canal They have no 
effect on the health of the animals Such animals will regularly react to avian 
tuberculin and )ubnm and thus may be mistaken for cases of paratuberculosis 
or Johne's disease It is probable that such animals also occasionally react to 
mammalian tuberculin 

In Denmark, Plum (28), Bang (i), and others have found cases of infec- 
tious abortion of cattle in wlucb avian tubercle bacilli are the apparent causes. 
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In these instances tuberculous lesions were found in the uterine wall and the 
infection had extended to the placental structures. The diagnosis of such cases 
can readily be made by examining 
the afterbirth or the uterine dis- 
charge after abortion The infection 
may remain in the uterine wall 
from one gestation period to an- 
other, and such animals become 
chronic aborters In these .inim.ils 
the bacillus is not ordinarily found 
in other parts of the body except 
occasionally in the mesenttric Ivmph 
nodes, a fact which suggests lhal 
the disease may have been contracted from the digt stive ir.iel Plum siicccedt'd 
in producing abortion in one animal by in|etling avian tubercle bacilli into the 
jugular vein 

Mitchell and Duthic (24) caused infection of the udder of a cow bv iiijeet- 
ing avian tubercle baetlli into the jugular vetn Naturally occurring cases of 
this kind have not been reported 



Flo 49 Advanced Tuberculosis, Lung, Cow The entire diaphragmatic lolie is in- 
volved in the tuberculous process There is extensive necrosis and fibrosis The necrotic 
tissue contains large amounts of calcareous material 


FOR SHEEP AND Go^TS Tubcrclc mfccuoii m these animals is comparatively 
rare. Most of the cases which have occurred abroad in which the organism 
was typed have proved to be bovine In the United States the greater part 



Fk# 4H Tuberculosis, Spleen, Chicktn 
ktght, Legions as seen on the spken surface 
Lrft, I csions seen in cut-stclion (Courtesy 
of F L Hrunett ) 
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have been avian, having arisen in the mid-western states where poultry tuber- 
culosis IS prevalent. Harshheld, Roderick and Hawn (16) described 19 cases 
of avian type infection of sheep in North Dakota and referred to 7 additional 
cases found earlier Lesions of the lungs and thoracic lymph nodes were found 
in all of these cases, a majority showed liver tubercles, and the spleen was af- 
fected in aliout half of the cases In the annual report of the Chief of the 
Bureau of Animal Industry, U S Department of Agriculture for 1940, it is 
stated that 8 cases of ovine tulserculosis had been investigated and that 
7 had proved to be infections with the avian type bacillus and one, bovine 

FOR RSBRiTs Naturally occurring tulserculosis of the rabbit is practically un- 
known, however, it is rather rcmark.iblc that rabbits can be very easily de- 
stroyed bv inoculating them with tubercle bicilh of the avian type If very 
small doses are administered the animals iisuallv develop a chronic disease 
anil die after several months The auiojisv then shows large, well-dcvelo[>ed 
tuberculous masses in the lungs, liver, and spleen If large doses are given the 
animals usually become emaciated nipidly, and die in from two to three 
weeks The lungs, liver, and spleen, in these cases, are filled with myriads 
of minute, semi-transluccnt tubercles, or there mav be no tubercles that can 
be differentiated w'lth the naked eye, but the organs are sw'ollen The situation 
IS that the tubercles are so eloselv set and so small that they may ntii be dis- 
tinguished 71 us condition was described by Yersin (59) and is oficn called 
the Veritn type of tiiherniloos, a tuberculosis in which ihcrc are no visible 
tubercles 

FOR MAN. Human beings arc very rarely infeeted with tnbereli bacilli of the 
avian type Feldman (10) who reviewed the circumstances in .nboul 40 cases 
which have been reported in the literature, eonelutltd that siiffieiem proof had 
been supplied in cases to warrant incriminating avian tvpt tubercle bacilli 
in human infections Van Ls and M.irtin (57) examined 227 specimens of tu- 
bereulous tissue from human eases, finding human type bacilli present in 219, 
the bovine tv|)c in 9 and the avian type nor at all Since much of ihcir material 
originated in a region where poultry tuberculosis is prevalent, their work 
clearly shows th.it human beings arc eyuite resistant to infection with the 
avian tubercle bacillus 

Pathogenicity of the Bovine Type Tubercle Bacillus for Animals other than 
Cattle. The bovine type of tubercle bacillus affects a much wider range of 
animal species than cither of the other types Nearly all mammals are at least 
partially susceptible to this type, 

FOR FOWLS. Except for the members of the parrot family, which exhibit the 
same susceptibility to the bovine as to the human type (but arc less often in- 
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fected with it because of lesser exposure), birds are highly resistant to tubercle 
bacilli of the bovine type. 

roR HORSES. Horses are relatively susceptible to bovine type tubercle bacilli. 
When horses associate with tuberculous cattle, the incidence of the disease 
may be high Actually equine tuberculosis is not frequent under the condi- 



Fio 50 Tubirculfisis, Spleen, Hnrse Lesions in horses often resemble tumors, being 
white or gray in eolor, uniform in consistency, and lacking obvious gross evidence of 
necrosis 

tions in which horses ordinarily are kept, because the opportunities for in- 
fection arc not great 

1 he lesions of equine tuberculosis are most frequent in the lymph nodes of 
the pharyngeal region and in those of the mesentery but lung, spleen, and liver 
involvement is not rare In many instances, especially in the lungs, the lesions 
do not have the appearance of ordinary tubercles but consist of whitish masses 
of rather soft tissue, without evidence of necrosis These masses have often 
been mistaken for lung tumors In other instances the lesions are typical of 
tubercles with caseation and calcification 
Many strains of tubercle bacilli isolated from horses are sub-virulent for 
experimental animals and some of them arc practically avirulent 

FOR SWINE Pigs are very susceptible to tubercle bacilli of the bovine type. 
Infections lead to extensive and progressive lesions which often produce death 
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Within a few months The infections do not usually occur from pig to pig 
but more often from cattle to pigs, especially in regions where pigs arc com- 
monly kept in the same barn-lots with cattle In the early part of the present 
century when bovine tuberculosis was common in our cattle, the losses from 
tuberculosis in swine were much greater than at present Earlier many of 
the cases of tuberculosis were generalized but at present the ma)ority are 
loc.ili/cd and thus do not lead to condemnation of the carcasses This change 
has cACUrred because infection with the bovine type tubercle bacillus bas be- 
come rare, whereas that caused by the avian type continues to be common 

niR sHFFi' AM) f.oAis 1 hcst aiiimals arc relatively resistant to tubercle infec- 
tion, and the ma)ority of cases found in this country are caused by baeilli of 
the avian type Bovine type infections seem to predominate in oihcr parts of 
the world These freeiucntly arc piogrtssive and commonly lead to emacia- 
tion and death 

FOR iioc.s ANt) rsis Tuberculosis is relatively rare in both of these species 
Dogs may be infected with either of the mammalian tvpcs of tubercle baeilli 
but the disease in eats is almost always caused by bacilli of the bovine type 
Infections occur most freeiucntly because of their having consumed infected 
cow's tnilk The lesions in cats are located most eommonU in the lymph noiles 
ol the digestive tract, in the liver and spleen and, less commonly, in the lungs 
In dogs the lesions are most often in the thoracic lymph nodes and in the 
lungs 

Tuberculosis in Wild Animals. Tuberculosis in wild animals is not common 
except wlien they are in eaptiviiy The disease has been found on several 
(Acasions m wild birds (3) (23) living a natural life, and there have been a 
consult rable number of reports of the disease in wiltl deer Casts in deer are 
due in almost all cases to the bovine type bacillus and infection is caused by 
the assiAiation of these animals with cattle on jsasture, or by breiwsing on land 
which is used for pasturage lor cattle It is not unbkelv that some of the 
“breaks” in tubcrculosis-frec herds are caused by the introduttion of the dis- 
ease by infected wild deer 

Tuberculosis has alwavs been one of the major problems of zoological 
parks 1 he most severe losses have been among birds, but extreme care is 
necessary to keeji the losses among members of the monkey family within 
reasonable bounds It is the human type svhich causes the losses among the 
apes The bovine type causes losses among reindeer and other ruminants 
Tubercle bacilli of the cold-bhxidcd type, to which reference will be made 
later, cause serious losses among reptiles and amphibia. 
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Human Tuberculosis. The most common form of tuberculosis of man is 
that which is known as phthisis, or pulmonary consumption This disease af- 
fects primarily the lungs and pleura and the associated lymph nodes In many 
individuals the disease becomes arrested early and no symptoms are induced 
Such individuals will, however, react to tuberculin, and X-rays may show 
one or several small encapsulated and calcareous lesions In others, untor- 
tunately, the disease spreads from the original focus and causes large exu 
dative and destructive lesions The victim suffers from a low-grade, inter- 
mittent fever, weakness, shortness of breath, a hacking cough, loss of weight 
and finally great emaciation Large amounts of purulent sputum are raised 
and this often is very rich in tubercle bacilli Frequently there are severe 
and often fatal hemorrhages from large bltxKl vessels which have been dam- 
aged by the necrotizing process This type of tuberculosis is caused by tubercle 
bacilli of the human type in most cases 1 he disease is transmitted from man 
to man, animal infections playing little pan in it tste|)t 111 a few cases in which 
the bovine type bacillus is involved Until a few years ago 11 was thought that 
bovine tubercle bacillus infections of the humtn lung were esircmely rare, but 
in recent years it has become evident that such infections are much more 
numerous than had been supposed Griffith (15) in Lngland, and work- 
ers in the Scandinavian countries where bovine tuberculosis is prevalent 
have shown that from i to 6 per cent of human pulmonary iiifcciioiis arc 
caused by the bovine type This situation does not exist in the United States 
where bovine tubercle infection is now compiratively rare 
Extra pulmonary tuberculosis of man is often caused by tubercle bacilli of 
the bovine type These infections occur more often in children than in adults 
and are caused by the drinking of infected cow’s milk These infections in- 
volve the lymph nodes of the pharyngeal region, and the abdominal organs 
instead of the organs of the thorax Bovine tulitrclc bacilli are often found in 
infections of the bones and |oints, of the skin (lupus), and in tuberculous 
meningitis All of these forms of tuberculosis arc causeel more often by baeilli 
of the human type rather than by those of the bovine tvpc except, possibly, 
the infections of the neck glands (scrofula) in which the bovine type may be 
more frequent than the human type Since bovine tuberculosis has been re- 
duced in incidence in the United States, and since a large part of all milk 
consumed is pasteurized, it has been often noted by surgeons that those forms 
of tuberculosis in which the bovine tvpe bacillus frequently occurs are be- 
coming rare. Whereas in the early part of the century scrofula among chil- 
dren was not uncommon in many parts of this country, it now has become 
a rare disease. 
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That tubercle infection of children with bacilli of the bovine type was an 
innportant matter earlier in this century in tlic United Stales and elsewhere 
IS clearly shown by statistics collected by Park and Krumwiede (27) which 
were published in 1912 Some of rhc more significant of their findings are 
shown in the following table Nearly half of the cases included were studied 
by the authors in and around New York City It can be noted in this table 
that the bovine type infections were largely in young children and that they 
were largely extra-pulmonary forms of the disease 
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Routes of Infection in Tuberculosis. The locahration of the lesions in tu- 
berculosis and the character of the disease depends in considerable degree 
upon the manner in which the infection enters the body It is clear that there 
are several routes that may be followed. 

I. INHALATION The fact that tubercle lesions m adult human beings and 
cattle oceur more frequently in the chest cavity than elsewhere suggests that 
infection commonly occurs through inhalation Experimentally it has been 
shown by McFadvean (22) and others that infections can easily be produced 
in guinea pigs by spraying them ss'ifh tubercle bacilli This fact, coupled with 
the knowledge that in pulmonary tuberculosis both man and cow cough into 
the air droplets of secretion containing tubercle bacilli which can readily be 
inhaled by others near them, is rather convincing evidence On the other hand 
It IS more difficult to produce infections, even in highly susceptible animals, 
with moderate doses of tubercle bacilli fed in gelatin capsules, and when in- 
fections are induced in this way lesions are almost invariably found in the 
mesenteric lymph nudes Since these nodes often are free of lesions when the 
chest organs are severely infected, it does not seem likely that the infection 
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generally enters by the intestinal route. On the other hand, Ravcnel (29), 
many years ago, showed that tubercle bacilli suspended in butter could be 
found in the lacteals shortly after feeding, hence it appears to be possible for 
these organisms to reach the lungs, in some cases at least, without leaving 
lesions in the digestive tract Lung infection can also be produced experi- 
mentally by causing susceptible animals to inhale tubercle bacilli suspended 
in dust. 

2. INGESTION Ingestion of tubercle bacilli in considerable numbers in infected 
milk readily produces tuberculosis in young animals In these cases lesions 
usually occur in the lymph nodes of the alimentary canal, tuberculous ulcers 
frequently are fount! in the intestine, and lesions occur in the liver and spleen 
more frequently than in the organs of the chest. Before pasteurization of skim 
milk and whey became rather uniformly practiced, many calves and pigs 
were infected with tuberculosis from these products brought back to the farm 
from the creamery or milk station Human beings and anim.ils affected pri- 
marily with pulmonary tuberculosis, often develop intestinal lesions from the 
swallowing of quantifies of infective sputum Inlection in birds is nearly al- 
ways the result of ingestion of organisms picked up with the feed from the 
ground Intestinal ulcers and liver and spleen lesions are eummonly found 
in avian tuberculosis 

3 WOUND iviECTioN Tubcrculosis of the skin, or lupus, occasionally occurs 
in man but is very rare in animals In man it is often known as “pathologists’ 
wans” since the infection usually is coniraetcd while conducting autopsies. 
The bacilli in sueli lesions frequently become greatly attenuated in virulence. 
In cattle tuberele-likc lesions of the skin are rather common. These contain 
acid-fast bacilli and for a long time they were regarded as “skin lubei culosis” 
but many workers have failed to cultivate or to infect experimental animals 
with this material and it is now believed that ihc causative organisms are 
not true tubercle bacilli 

4 CONGENITAL TUBERCULOSIS A fcw instances have been described in which 
new-born calves were infected with generalized tuberculosis In these in- 
stances a tuberculous lesion has developed in the placenta and this has eroded 
into the fetal blood vessels, thus showering the fetal tissues with organisms. 
Such animals die shortly after birth 

Congenital tuberculosis should be carefully distinguished from hereditary 
tuberculosis of which much may be heard but which is, in reality, fictitious. 
Neither this nor any other infectious disease is inherited Any disease-pro- 
ducing agent of which we know, if earned in the germ plasm, would destroy 
that heredity-carrying bit of protoplasm Young animals, born into an en- 
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vironment where tuberculosis is rampant naturally are very apt to acquire 
the disease from their surroundings The “tuberculous taint” which people 
and animals were supposed 10 carry in their family trees is, in reality, merely 
familial infections as a result of intimate association in the same environment. 

Immunity in Tuberculosis. The wavy substance present in tubercle and 
other acid-fast bacilli serves to protect them against the antagonistic influences 
of the liodv Even in naturally iion-susceptible species of animals, tubercle 
b.Killi usually are destroyed only after a long time Frequently the immune 
reaction in such species consists of a w illing-o(T reaetton in which the nest of 
bicilli IS surrounded by a dense wall of tissue which keeps the organisms 
moic or less dormant 

Th.1t a tV[ie of immunity occurs in the course of tubercle infection is well 
cslahlislicd This was (irst sliown in the so-called Phenomenon oj Koch It 
was (ihscrvcd hy Koch (20) that guinea pigs which already were infected with 
a low gride lubcrele infedioii re.ieied difTerently to a second inoculation of 
.1 culiuie of liigli virutc'iiee than animals which had not suffered the pn- 
m.iry inleetion T he animals which were already infeclcd proved to l>e re- 
fraetory to the second dose Whereas the previously normal anim.il developed 
an acute, progitssively f.iial dise.isc, the pieviously infected developed only a 
swelling at the point of inoculation This became a local abscess which 
opened to the surface .ind sloughed iw.iv the neetoiic tissue and the virulent 
bacilli wiihoiil insolvtincm of the neighboring lymph nodes Calmette <ind 
(aienn ((>), much later, using a dose of virulent tubercle bacilli intravenously 
which produced aeute-, tal,il, miluiry tuberculosis in normal cattle, found that 
lubereiilin-reaeling cattle (iniceted) could not be so killed These anim.ils 
slum eel .in immedi.ile re.iction from which they rapidly recovered and then 
they eoniinucd on their course of life as if nothing had happened These ex- 
perimcms show that a new, more aeute infection cannot be superimposed 
upon one already established, that a chrome disease is a protection from a 
more acute’ form 

These altered re.ictioiis are manifestations of a st.ite of .illergy The relation 
of allcigv to immunity is a question over which there has been a great deal 
of controversy Some believe that allergy and immunity are identical; others 
think ili.it they art different propcrucs which have no relationship to each 
other T he allergic condition evidently has an important role to play in the 
course of the dise.ise When sm.tll infective doses of tubercle bacilli reach in- 
dividuals of a susceptible species which have not previously encountered in- 
fection (initial infection), there is a marked tendency of the tissues to wall 
off ihc infection and to reduce it to a latent state In the allergic individuals, 
on the other hand, there is a tendency for the tissues to react with an acute. 
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inflammatory reaction when tubercle bacilli, escaping from a primary lesion, 
find themselves deposited in a new location These lesions do not tend to heal 
but rather to spread and to destroy large amounts of tissue Some believe that 
one or two latent tubercles in the lungs of adult persons derived from old 
childhood infections render them somewhat resistant to serious reinfection 
later in hfe Others think that the latent infections, because of the state of 
allergy produced, favor a spreading destructive disease when reinfections 
occur. 

Artificial Immunization. Because of the great importance of this disease, it 
IS likely that more attempts have been made to fintl imintiniz.ition methods 
for tuberculosis than for any other dise.ise of man or animals Unfortun.iicly 
these methods have not met with a large measure ot success 1 he earlier .it- 
tempts at immunization have been reviewed by Mohler .ind Sehroeder (a^) 
The matter will not be discussed in any detail here but a tew ot the prod- 
ucts that have been tried will be discussed briefly 

I TUBERCULIN This name has been given to a v.iiicty of a<iLitous extracts of 
tubercle bacilli It was first made by Kwh (ly) m the hope th.ii it would h.ive 
immunizing value, but these ho(K*s have not been realized In the eoiirse of 
the work of testing it on patients ns di.ignostie value was discovered and it 
IS for this purpose that it is used today 

2. KILLED TUBERCiE BSCiLLi When large numbers of iiibtrek baeilli, killtd 
by heat or chemicals, arc deposited in tissues, tuberculous tissue is |)roductd 
around the ileposit and abseessation is likely to oecur When used as vaccines, 
therefore, the dosage must be kept small There is evidence that such v.ieeiiies 
enhance the resisting power of exiierimcnlal anim.ils soinewh.it, but the prod- 
ucts have never been of service in practical work 

3 LIVING CULTURES Numcrous experiments with attenuated tubcrelc bacilli, 
and with acid-fast organisms other than tulicrcle bacilli, as vaccines for enhanc- 
ing the resistance of animals to tuberculosis have been tried but with little 
success Perhaps the best known of these vaccines which have now been dis- 
carded was the "bovovaccine” of von Behring, a vaccine which was widely 
heralded for protecting cattle. The nature of the vaccine was not disclosed 
for a long time but finally it became known that it consisted of a virulent 
strain of human tubercle bacilli The vaccine will, indeed, confer rather a 
strong resistance to cattle, and with little damage to them, but the method was 
given up when it was learned that some of the vaccinated cattle were eliminat- 
ing human tubercle bacilli in their milk 

Another highly publicized vaccine was that of Friedman, who came to 
the United States in the early part of the century with a widely heralded 
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“turtle scrum” treatment for tuberculosis Later it developed that the product 
was a suspension of living acid-fast bacilli which had been isolated from a 
turtle suffering from “coid-bltxided” tuberculosis This vaccine proved worth- 
less except as a means of enriching the (lockct of the vendor, 

B.CG stands for the Bacillus of Calmette and Guerin (6) These work- 
ers cultured a bovine type tulierclc organism continuously on a bile-saturated 
medium for thirteen years, passing the organism through more than seventy 
generations in this time It gradually changed in jihysical characteristics and 
lost Its virulence, until at the end of this jieriod it had lost its tubcrculogcnic 
properties completely, according to its sponsors The culture was used as a 
v.iccine on guinea pigs, calves, monkevs, and finally on babies It is used in 
two ways, by iniection and by mouth, the kiticr being used especially for 
infant vaccination Recently the methixl of injection seems to be gaining 
favor over the oral method as being more ccri.iin For calves or babies, Cal- 
mette urged that the v.iccine be administereil as early in life as possible, even 
as early as the first or second day A strenuous effort is then m.ide to keep 
the young child or animal in a tulxrrculous-frec environment for thicc months 
or as long as is practicable It is then returned to its normal life, 1 e , into a 
tuberculous environment Calmette terms his method of immuni/ation, pre- 
munizing, and the result a state of piemunition These tcims have been gener- 
ally adopted for this situation in which iinmuni/ ition against virulent infec- 
tion IS accomplished by establishing a more or less |H.rsistcnt benign infection 
It IS supposed that the heightened resistance in these cases Lists only so long 
as the more benign infection persists 

In general the results from the use of this vaccine appear to be good The 
v.iecine will not entirely prevent tubercle infection but it appears to increase 
the resistance of the infant or animal so that it tan hold the disease in check 
and prevent it from prtigressmg to a serums state When infants or animals 
arc developing in environments heavily kiden with tulierile bacilli, m.iny of 
them die early in life from actively progressive tuberculosis BCG seems 
to be able to prevent this from happening Some have claimed that the vac- 
cine IS not safe, that under certain conditions it may resume virulence This 
question is not yet settled but many thousands of infants have received the 
treatment, and there is little evidence that damage has been done Accidents 
may happen, of course, and this seems to be the explanation for the disaster at 
Lubcck, Germany, where about seventy-five infants died of tuberculosis fol 
lowing vaccination The German investigating committee was not able to 
determine the precise cause of the disaster but considered it probable that the 
vaccine culture and virulent cultures had been mixed in the laboratory where 
the vaccine was made 
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Park, and associates, in New York City have vaccinated infants with the 
vaccine, and report favorable results therefrom Some experimental work 
has been done on animals in this country, but it is unlikely that it will ever be 
put to practical use for the reason that tuberculosis is being eliminated by the 
eradication method In countries where the disease is widespread, there seems 
to be a real field for its use 

Recently there has been considerable interest in the findings of Brooke and 
Wells (4) that an acid-fast organism which they had isolated from the vole 
(field mouse) was capable of conferring a rather high resistance on guinea 
pigs to both human and Iwvinc type tubercle infections This organism is 
almost non-pathogenic for guinea pigs The authors claim that the degree of 
immunity conferred is considerably greater than that due to B.CG The out- 
break of war has prevented extensive svork on the value of the vole bacillus 
as a vaccine for mammalian tuberculosis 

Chemotherapy in Tuberculosis. A large number of substances have been 
tried in the hope of finding a ehtm1e.1l agent which would destroy tubercle 
bacilli rn vivo and would, .it the same time, be tolerated by tissues of the body 
Until very recently there were no hopeful results In 19^8 Rich and Folhs (^o) 
reported that sulfanilamide inhibited the development of experimental tuber- 
culosis in the guinea pig In 1940, Feldman, Hinshaw and Moses published a 
preliminarv report on the efiic.icy of a new drug, “promin" in inhibiting the 
develoimicnt ol tuberculosis 111 guinea pigs Their final report (i?) appeared 
in 1942 Chemically the new drug is Sodium p, p' Diaminodiphcnylsulfonc 
-N, N'-Didextrosc Sulfonate It belongs to the group of “sulfa” drugs as 
will be noted by its formula When this m.iterial w.is incorporated in the 
feed in the proportion of i per cent it was re.idily consumeil by the animals 
with no serious ill effects, although tt is apparent that it is slightly toxic in 
this concentration Guinea pigs fed daily on this drug showed a greatly height- 
ened resistance to the development of experimental tuberculosis Whereas 
control animals, which did not receive the drug, developed a progressive dis- 
ease which led to death in every instance, the treated animals in about one 
half of the cases showed no evielence of tuberculosis, grossly or microscop- 
ically, and 111 the remainder the lesions were definitely fewer and less progres- 
sive than in the controls These results are very encouraging to the belief that 
progress is being made toward the finding of a cure for tuberculosis 

Tuberculin. Tuberculin is a protein or a protcin-derivative produced by 
tubercle bacilli It is contained in any aqueous extract of the bacilli and m 
media upon which tubercle bacilli have grown Until recently the tuberculin 
of commerce was made from cultures grown on glycerin broth. Most of tt is 
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now made from cultures grown on synthetic media. After these cultures have 
reached their maximum growth, they are boiled to destroy their vitality and 
to extract the bacilli, after which the organisms are removed by filtration. The 
clear filtrate is evaporated to the desired concentration 
1 he nature of tuberculin remained obscure from the time it was discovered 
by Koch in 1890 (19) till Long and Seibert (21) finally obtained it in a puri- 
fied form in 1926 It was long be- 
lieved to be a protein but chemical 
analysis was impossible so long as 
the tirganism was cultivated on a 
medium containing protein By cul- 
tivating the organism on a synthet- 
ic, protein-frec medium. Long and 
Seibert were able to precipitate from 
the filtrate a crystalline protein 
whieb apparintly is the .ictive prin- 
ciple 

So long .IS impure tuberculins 
were used, their concentrations were 
expressed in terms of Koch’s OT 
(Old Tuberculin) OT is a glyc- 
erin broth filtrate which has been 
evaporated to Yio of us original 
volume Different lots vary m po- 
tency although when standardisred 
contlitions of production are ad- 
hered to, the variation is not great 
Since the active principle c.in now be obtained in relatively pure form, the 
conccntr,itioii c.in be .iccuratcly measured in terms of this principle 
It was first discovered by Koch that tuberculin was highly toxic for the 
tuberculous while being nearly inn<x.uous for normal animals When tuber- 
culin IS injceted into animals h.trboring one or more tubercles, a general re- 
action manifested bv fever and constitutional symptoms occurs if the dose 
IS sufficiently large II the animal is destroyed while at the height of the reac- 
tion It will be found that an inflammatory reaction has occurred around the 
tubercles present in the organs This is termed the focal reaction When suf- 
ficient tuberculin is used, tuberculous animals sometimes react so violently as 
to cause death If the tuberculin is injected into a tissue from whence it is not 
i]uiekly disseminated, such as the dense layers of the skin, a local reaction at 
the point of injection becomes manifest. 
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Tuberculin Tests. Prior to the last twenty years the tuberculin test was not 
extensively employed in human practice, inasmuch as nearly all adults har- 
bored latent tubercles and reacted because of them The test had little diagnos- 
tic value, therefore, because the clinician could not determine whether the 
reaction was due to an active infection or to an olil, healed, childhood lesion. 
In this country the active campaign against tuberculosis has changed condi- 
tions so that not nearly all persons now react to tuberculin, and consequently 
the test has greater significance 

In using tuberculin di.ignosiically in human beings, great care is taken to 
avoid constitutional reactions, since it is probable that the inflammatory re- 
actions in the foci of the disease mav spread the infection T his is not an im- 
portant consideration in animals since reactors usually are destroyed anyway. 
The test has been of great service in dealing with the disease in cattle, swine, 
and chickens When testing for infecuons due to the mammalian types, tu- 
berculin made from either the human or Ixivinc bacillus may be used When 
testing for infections due to the avian type, the tuberculin must have been pre- 
pared from that type 

1 THE THFRMSL TFST This was formerly the standard method of testing 
cattle for tuberculosis In later years it has been largely replaced by tests which 
require less time 1 he tuberculin (10°' Koch's O T , 2 cc or more) is injected 
subcutaneously after several temperatures have been taken at two-hour inter- 
vals to make certain that the animal is not suffering a fever from some other 
cause After eight hours, temperatures are again taken at two-hour intervals 
through the ifith or iSth hour afur the injection. A typical rc.iction consists 
in a rise in temperature of at least 2 degrees b which appears some time be- 
tween the 8th and i8th hour and subsides within twenty-four hours 

As has been explained above, this form of test is not used on human beings 
because of the danger from the constitutional reaction 

2 THE iNTUADERMAi. TEST This tcst IS now cxtciisivcly iisetl on cattle, swine, 
chickens, and man The tuberculin is more concentrated than that used for 
the thermal test (usually 25% OT or some precipitated tuberculin) A small 
quantity, usually about o 1 cc is injected into the dense tissue of the skin In 
cattle the tail-fold is usually used, swine arc injected into the ear, chickens into 
the wattle A positive reaction is indicated by a Itxal swelling which is firm 
and sometimes persists for days The reactions in cattle are judged on the 
third day (72 hours) or later The same period is used for the swine tests The 
reactions in chickens are judged on the second day 

The tuberculin now supplied by the Bureau of Animal Industry of the 
U S Department of Agriculture for testing cattle is made from a human type 
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culture grown on a synthetic medium. The filtrate is concentrated by evapora- 
tion. The product is much purer than the old O T , but the active principle is 
not isolated This product has been designated Tuberculin, Special F, to dis- 
tinguish It from the older product made from cultures grown on glycerinated 
beef broth. 

The Mantoux test for tuberculosis in man is an intradermal test done with 
tuberculin which has been greatly diluted so as to avoid the possibility of 
systematic reactions. Formerly O T. '/5000 was used, from o 05 to 0 i cc being 
injected into the skin of the forearm A few years ago Seibert (33) produced 



Fig 52 The Intradermal Tuberculin Test in Cattle Le/r, Making the intradermal in- 
jection into the right tail fold Right, Typical swelling at the point of injection 72 hours 
later (Courtesy of I T Fauldcr ) 


a very pure and .active tuberculin by precipitating a proteose-like substance 
with trichloracetic acid from filtrates of cultures grown on synthetic media 
This material seems to have great advanuges over the older products in that 
It IS freetl of impurities which may complicate the tests and also it can be 
accurately standardized It is manufactured and sold under the name P P D 
{Purtftecl Protein Denvatwe) When using this material it is customary to 
give a dose of very highly diluted material, and, if this proves negative, to 
follow in a few days with a much more concentrated solution 

3. THE opHTHsLMic TEST This test IS somctimcs used on cattle A concen- 
trated tuberculin (Koch’s OT) is instilled into the conjunctival sac with a 
camel's hair brush or with a medicine dropper A positive reaction is indi- 
cated by an inflammation of the conjunctiva during the course of which pus 
IS formed and appears at the inner canthus. One instillation of tuberculin 
serves to render the eye more sensitive to another; hence it is common prac- 
tice to sensitize the eye by one treatment and to repeat the treatment two or 
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three days later, the reaction being observed and judged after the second instil- 
lation The inflammation and appearance of the exudate is rather prompt. 
The test is usually read from 4 to 6 hours after the application of the second 
dose of tuberculin. 

Opinions differ as to the reliability (comparative) of the three types of tests 
when used on cattle The intradermal is probably the most sensitive. The 
ophthalmic alone is not to be relied upon since many animals fail to react to 
It when tuberculous On the other hand, the ophthalmic test will sometimes 
be jxisitive when tithers are negative Many workers employ all three tests 
and this procedure undoubtedly gives the highest percentage of accuracy 
The tuberculin lest is highly reliable for detecting tuberculosis in man and 
animals, yet it is subject to some errors When the lesions are very extensive, 
the tissues often are so saturated with the by-products of the tubercle bacillus 
that they will not react to tuberculin As a rule these cases present clinical 
symptoms and a correct diagnosis can be reached by a jihysical examination 
On the other hand there are a certain numlicr of animals that exhibit tvpical 
reactions to tuberculin which fail at autopsy to show lesions of tuberculosis. 
In the cattle tuberculosis-eradication program in the United States these ani- 
mals have amounted to less than one per cent of the animals tested, but where 
the number of reacting animals has been low the percentage of no-visiblc- 
Icsion reactors amounts to ten per cent or more of the total number of reac- 
tors The c.iusc of these reactions has not been tlcterminetl but scvei al plausible 
rxjilanaiions have been offered 

1 That many such animals are m the early stages of the disease at which 
time reactions to tuberculin will occur though there arc no visible lesions 

2 That many animals have small lesions which may be located in parts of 
the c.ircass not ordinarily examined in routine meal insjieclion work 

3 That animals which have been in contact with avian tubercle bacilli will 
ordinarily exhibit slight or no visible lesions but some of these will react to 
tuberculin Also, cattle may be sensitized to tuberculin by contact with hu- 
man tubercle bacilli. 

4 That some, perhaps many animals come in contact with acid-fast organ- 
isms other than tubercle bacilli which are able to sensitize them to tuber- 
culin. 

Mechanism of the Tuberculin Reaction. Despite the fact that the tuberculin 
reaction 1$ the best known and most studied of the allergic reactions, its mech- 
anism IS still largely unknown The reaction can be elicited by the injection 
of living or dead tubercle bacilli, or by tuberculo-proteins High grade allergic 
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sensitization can be produced most easily by the use of living cultures, less 
easily with dead cultures, and with considerable difficulty with the extracts 
of cultures In all c.iscs it seems to be clear that tubercles must have formed, 
or at any rate ih.il the granulomatous tissue reactions characteristic of infec- 
tions with leid fast org.inisms must have formed The reactions are quite 
specific. 111 tliat the tuberculins must have been made from the type of organ- 
ism w hieh IS rcs]ionsible for the infection if reactions are to be obtained con- 
sisiiiillv* It IS true that a certain amount of cross-reacting occurs, that is, 
aiiinials affected with avi.in tuberculosis occasionally will give reactions with 
m.immalian tuberculin, and vice-vcrvi 

After an iniradermal or intraciitaneous iiqection of tuberculin an early poly- 
morphonuclear and eosinophilic cell infiltnilion occurs at the point ol iniec- 
iKin but these are soon repl.iccd by histiocytic and mononuclear cells Oedema 
appears c.iily and lasts for five to seven days t!;hanges occur in the arteries of 
the region resulting in thrombosis ot the vessels 1 hese ehanges are those 
which occur in tattle according to the studies of h'eldman and Fitch (12) 

The Eradication of Bovine Tuberculosis in the United States. After much 
distussion of the matter over a peritKl of years, a plan was developed in 1Q17 
which looked forward to the tr.idicaiion of tubereulosis from the tattle of the 
United States This plan involved co-operation between the federal and state 
governments in a uniform method of appio.icli to tlie problem The plan be- 
taine known as the Acircdtted Had Phin of Botnni 1 uherctdosii tiadica- 
tion In outline the projeet was simple, in practice the .igcnties toiieerneel h,id 
to meet m.iiiv serious obstacle's not the least ot which was serious opposition 
Ireim a small portion of livestock owners 1 he plan was th.it every bovine ani- 
mal in the country was to be sub)ttltd to lubereulm tests and those that re- 
.letcd were to be removed .ind slaughtered All slaughtered animals were 
siib|cctt'd to vtttrin.irv meal iiispcetion examinations to determine the extent 
of the development of the disease in each case ami to determine whether or 
not any portions of the care.isses might he salvageel for human food Before 
eondemned animals were slaughtered, their market value was determined by 
experienced .ipfiraisers and the owners were reimbursed for their losses from 
the public treasuries of the federal and state governments 

The Accredited Herd Plan has met w'lth excellent success Whereas it was 
estimated in 1922 that about 40 per cent of all cattle in the country were in- 
fected W'lth tuberculosis, by 1940 the estimateti number had been reduced to 
about 0^6 per cent In other words the incidence of this disease had been re- 

*ror tcMinc for numnuliin tul>crcuK»M> tuberculin nia\ be made from either of the mam- 
mnlnn tvpc's of tubercle bicilli Smet the humin t\pc grows M>mtwhat more profusely on 
artihcial media, it frequentU is used for making tuberculin for use on cattle Tlic tuberculin 
nude In the U S gosernment tor official testing a human tvpc. tuberculin 
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duced in less than 20 years by more than 85 per cent. Continued testing and 
retesting is still further reducing the incidence of the disease and we may look 
forward to a time, not too far distant, when the disease will have been wholly 
eliminated 



I'lr 1 he i eclcral-SMte c<j-<>|)<.rati\c plan for the iratlieJUDi) of hoviiie luhcrculosis 
in the United St.iics 1 he Aarednul Herd Plan was launched in iyi7 but at the time 
the above map was made Intlc proRress liail iKxn made Tht map conveys a Knot! idea of 
the dislribution of this disease before erailieation was begun 1 be work progressetl rap 
idly after it was well organi/cd In Novemlier 1940 all parts of the country were declared 
to be moiitHcd accredited, wliieb means that less than 05 per cent n acted on the last 
tuberculin test of all the cattle (Courtesy, Bureau of Animal Industry, US Dipl of 
Agriculture ) 
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MYCOBACTERIUM PARATUBERCULOSIS 

Synonyms The bacillus of Johne’s disease, Johne's bacillus 

This organism is a rod-shaped bacillus somewhat smaller than any of the 
tubercle bacilli. It causes a disease of cattle and sheep which in English-speak- 
ing countries generally is known as Johne’s disease. It also is known as 
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chronic bacterial enteritis, chronic hypertrophic enteritis, and paratuber- 
culosis The organism was recognized in diseased tissues for the first time 
by Johne and Frothingham (15) These authors mistook the organisms for 
avian tubercle bacilli and thought they were dealing with an isolated case of 
a peculiar nature Later it was recognized that many cases of this disease oc- 
curred but they were generally regarded as a peculiar form of tuberculosis 
until Bang (2) clarified the matter by careful study The causative organ- 
ism was isolated in 1911 by Twort (17), in London Howarth (14), and 
Dunkin (6) who worked with the disease in sheep failed to obtain cultures 
of the organism from tissues by the use of technics which succeeded in cattle 
This leaves some question about the identity of the sheep organism, but since 
the lesions are identical it is assumed that it is the same as that of cattle. Sev- 
eral years ago we successfully infected several sheep by feeding them with 
infective material from cattle, the manifestatums and lesions being typical of 
the naturally occurring disease (8) 


Morphology and Staining Reactions. Mvtohactenum pm atuberculosts ap- 
pears both in tissues and m cultures as a short, thick rod measuring about 


o 5 micron thick by about 1 0 
micron long It is strongly acid- 
fast and Gram-positivc It has 
neither spores nor capsules In 
tissues It commonly develops 
miraccllularly in the epitheli- 
oid cells which proliferate .it 
the sites of localization of the 
organism 

Cultural Features. The caus- 
ative agent of Johne s disease 
was first obtained in artificial 
culture by Twort (7) in 1911 
This worker succeeded in ob- 



taining growth after earlier 
workers had failed by the ex- 
pedient of incorporating in his 
media a suspension of hcat- 
killed acid-fast organisms of 


Fig 54 Mycobacterium pai atuberculosts 
From a culture about two months old on a syn- 
thetic medium containing hcat-kiiled acid-fast 
organisms For comparative size see illustrations 
of tubcrculc bacilli taken at same magnification 
X 900 


other species This was done 

after he had experienced repeated failures to obtain growth of this organism 
on a variety of media which are suitable for tubercle bacilli. It occurred to 
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Twort that perhaps some essential substance for growth of the Johne bacil- 
lus was absent from his media and that possibly whatever was needed 
might exist in the substance of other acid-fast organisms Having proved 
the correctness of this hypothesis, he sought to isolate this “essential sub- 
stance” by extracting the cultures, and by using extracts of many other sub- 
stances. It was found that both water and fat solvents were capable of re- 
moving the necessary substance 
from several species of acid- 
fast organisms, but extracts of 
other bacteria and of plant and 
animal tissues did not contain 
It All of this work was de- 
scribed in detail by Twort and 
Ingram (18) in 1913 Litile 
more was learned of the nature 
of this “essential substance” un- 
iil the work of M'ooley and 
McCarter (21) appeared in 
1940 These authors showed 
that “phihioLol,” whieh New- 
man, Crowder and Anderson 
(16) had isolated from the hu- 
man tubercle bacillus 111 1954, 
had the qualities of the neces- 
sary factor Almquist and Klose (i), in 1939. had shown that phihiocol 
posstssctl the anti-hcmorrhagic qualities of Vitamin K, therefore Wooley and 
McCarter tried the synthetic Vitamin K — 2 methyl naphthoquinone — and 
found It also to be effective The “essential substance” of Twort therefore ap- 
pears to be the fat and water soluble Vitamin K, the antihcmorrhagie factor. 
The authors admit, however, that their cultures did not thrive quite as well 
with the extracts as with the suspensions of acid-fast bacteria, therefore it is 
[Kissiblc that one or more additional factors which favor the growth of the 
Johne b.icillus have not yet been recognized Incidentally it is of interest to 
note here that while the w.iter-soluble vitamins, or food accessory factors, 
are known to be needed for the growth of a number of species of bacteria, 
this IS the only instance in which it is known that one of the fat soluble vita- 
mins IS required 

Primary cultures of the Johne organism grow very slowly on all media, 
much more slowly than tubercle bacilli On Dorset’s egg medium, fortified 
with about five per cent, by weight, of the moist cells of one of the rapidly 



tic. 55 Joline s Disease (I’lratuherculoMs) 
A clump of Mwohailtrwm paratuberculosis in 
iiucslinal scnpings s goo 
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growing saprophytic acid-fast organisms atlded before sterilization and coagu- 
lation, the organism can be grown without great tliffieulty from infected 
lymph nodes where it often exists in the absence of other h.ieteria The eul- 
tures must be incubated at 37'' C for alKiut six weeks before evidences of 
growth appear During the period of ineubation the tubes must be partially 
closed so that evaporation will not cause dchydr.ition of the media Growth 
appears in the form ol very small, dry, irregular eolonies, not unlike primary 
cultures of mammalian tubercle baeilli When these are subculturetl on fresh 
media of the same type, a confluent growth is obtained This usually is visible 
after two or three weeks ineubation but re.iehes its maximum only alter five 
or SIX weeks Cultures accustomed to growlli on culture medi.i arc dry and 
flaky and of a cream color Even .after m,iny years of artificial eulture, the 
organism will give little or no growth on most of the meeli.i which serve for 
tubercle bacilli if the essential supplement is not aelded Meagci growths may 
oceur, but if so, they will fail after two or three tr.inspl.ints on the same un- 
fortified medium 

It IS diffietilt to “tram” this organism to glow on fluid media In glycerin 
broth to which the “essential substance” has been atldetl in the form of beat- 
killed cells of Mycohdcteriiim phlfi, growth is .ilw'iys poor Alter several 
months’ ineubation small floating islands m.iy ileselop on the surface, md 
there may be a tairly heavy granular sediment on <he bottom of the fl.isks It 
finally was diseovered that eert.tin synthetic media, when sti))j)leinented by 
the necessary growth factor, were far more f.ivoi.ible th.iii the usual types 
The medium which wc have found most sueccsslul is that which was de- 
scribed by Dorset, Henley and Moskey (5) It has the following composition 


Oipotassium pliospbatc i 0 Kin 

Magiusium stilpliait 1 11 

Soiliuni citrate . 0 S “ 

Asparagin 5 o " 

Ferric iniinoiiuini ciliaie , 'mfi " 

GIvceiol 711 cc 

Waur HifKi ' 


To make this medium suitable for the Johne Intilicis, o 3 10 gm of dried 
cells of Myc phlei must be added prior to sicrih/aiion The nndiuni is ad- 
justed to alxiut pH 7 2 if the final re,ielion is i.ii from this point On this 
medium very heavy growths of Mve paiatuhciciilo^n can be ohtamed .ifter 
the strain has become accustomed to it Very good growths can be obtained 
from some strains when the supplement is omitted, but such strains usinlly 
die out after a few transfers The growth on fluid media resembles that of 
the mammalian tubercle bacilli in that the fluid remains clear and the growth 
occurs in the form of a dry, dull pellicle which spreads across the entire sur 
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face of the medium and then thickens into a heavy, wrinkled blanket of 
growth. 

Pathogenicity 

FOR EXPERIMENTAL ANIMALS Rabbits, guinea pigs, rats, mice, chickens, and 
animals other than ruminants are not susceptible to infection If large doses 



Fir. 5fi johne s Disease An aih iikccI rase of the liiscasc The animal is emacuilcd, 
has 1 rough dry coal and a harsh skin, is consianll> sunirnig, and is so weak that she must 
brace her legs to keep from falling This aniinil had been ailifisiall) infected slightly 
more than one jcai prcsiouslv by feeding of mfcetisc m.ilcrial 

of culture are introtluced into anv animal, however, local lesions at the point 
of ingeccion should be e\|xetcd, since such reaclions arc induced by all acid- 
fast organisms If the bacilli are introduced into the peritoneal cavity, tubercle- 
likc masses will appear on the great omentum 

FOR CATTLE. Johne’s disease is a disease of young animals and it is rather sel- 
dom that old animals develop clinical svmptoms The great majority of cases 
are seen in two- and three-year-old females, and the disease most frequently 
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becomes apparent after the first or second calf is delivered. Greatest losses 
occur among high producing animals and it is presumed that the strain of 
lactation is responsible for breaking down the resistance of animals which are 
already carrying the infection The infection involves the intestinal canal and 
the lymph nodes of the mesentery The lower end of the small intestine, the 
cecum, and the beginning of the colon are the parts most often involved, but 
advanced cases may have lesions extending from the duodenum to the rec- 
tum. The lesions in tire intestinal wall take the form of diffuse masses of 



hiG 57 Joline’s Disease Mucous membrane ot a portion of llie ileum The wall is 
greatly thickened by large deposits of epithelioid cells in the sub-cpithehal tissue of the 
mucosa 1 he irregular folds and plaques art charaetcrisUc There is a complete absence 
of ulcers and necrosis 


epithelioid cells which often cause great thickening of the mucous membrane 
and the submucosa Unlike the tubercle infections, this organism does not 
cause the formation of tubercles and ulceration The intestinal wall may be 
grossly thickened, and when stretched the plaquc-like thickenings may easily 
be seen, but the epithelium remains intact. The mesenteric lymph nodes may 
show no gross lesions, or at most a slight enlargement Sometimes the lym- 
phatics on the serous surface of involved bowel portions are thickened intc 
the form of tortuous cord-like structures conspicuous because of their cn- 
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largcmcnt Great numbers o£ small acid-fast organisms usually can be easily 
demonstrated in films made from scrapings of the mucosa of the bowel or of 
scrapings from the cut surface of the lymph nodes The organisms usually are 
found in clumps, and frequently intracellularly. In sections most of the organ- 
isms are seen in the epithelioid cells of the lesion 
As It occurs naturally, Johne’s disease does not cause the loss of many ani- 
mals at one time hut ihc usual experience is that the losses occur gradually, 

one or two animals at a time In 
the aggregate the losses often are 
great since they occur persistently 
over long periods of time This ac- 
cords with our experiences in an 
experimental herd which we have 
maintained for some years (12) It 
has been our exjicrience in this 
herd that it is easy to produce in- 
fections by allowing uninfected 
calves to associate with infected 
adult animals but that adult ani- 
mals seldom contract the disease in 
this way By administering infcncd 
material by mouth, we have found 
It possible to infect young calves 
and older animals as well, but 
whereas the greater part of the 
calves ultimately developed into 
clinical cases after an incubation pe- 
riod of from one to two years, the 
older animals became reactors to 
allergic tests for a time, these finally 
faded out and clinical evidence of 
disease failed to appear It is clear 
that the ma)oritv of cases of this 
disease arc contrasted scry cailv in life, that many but not all of these ani- 
mals dcsclop ssmptoms in early adult life, and that adult infections are 
not common txiepi as they hive licen carried up from early calfhood (9). 

The symptoms aie spine characteristic Usually the first evidence is general 
unthriftincss, with roughness of coat and a dry skin A diarrhea begins and 
frequently becomes very profuse The hindquarters and tail of the affected 
animal soon becomes plastered with the liquid discharge The animal becomes 



1 K. i;!< Jiiliiis s Disease (Par imlstrsulo 
sis) Ssstum tlir<iiii;h ills sub epillielial tissue 
ut ills iiiusDsa 1)1 ills sniil] intssiinc uf an 
asiils I iss, sliDwini; ills spitlislioKi ssih 
uliisii iiililli lit tills lissiis anJ cause the 
sliai ulsiislk llilsksiiilii; of the niucosl A 
l\|m il n'aiit ssll IS slunsn x 450 
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dehydrated, emaciation rapidly advances, the eyes sink into their sockets, and 
the animal becomes weak The apjietite fails and for many days the animal 
can be induced to eat nothing. There is no fever, the bodily temperature often 
being subnormal Death may occur within a week or so from the time the 
diarrhea began On the other hand, some .-inimals cease scouring after a few 
days, improve in condition for a time, only to have a recurrence of the symp- 


toms after periods which vary from 
a few days to a year or more Fre- 
quently the recurrence of symptoms 
appears after the termination of the 
following pregnancy (10). 

^oB SHEEP AND f,ovTs In these ani- 
mals the symptoms, and the lesions 
are similar to those in cattle It has 
alre.idy been pointed out that sev- 
eral workers have suggested that 
the sheep disease may be caused by 
a different organism than lhat 
which causes the disease in cattle, 
since methods whtch succeed in 
isolating and cultivating the cattle 
organism have not succeeded with 
the organism of sheep and goats 

Mode of Infection. The natural 
route of infection undoubtcdlv is 
by the digestive tract Experimen- 
tal evidence indicates that infec- 
tions are relatively easily produced 
by this route, but that other factors 
determine whether the disease will 
progress to the point where clinical 
evidence of the disease develops, or 
whether the disease remains quies- 
cent, or dies out 




Fig 59 Jtihnc s Disease Fpithelioitl cells 
111 the mucDiis membnne nf a rapidly pro- 
RTcssivc case of the disease The cells arc 
packed with masses of Mycohoctcrium para- 
tubcriulosis I his preparation had been 
siamcd sciih the /ith] Ncclsnn technic for 
acid fast b.ictcrM In prcp.irations stained 
»ith hematoxylin and cosm these cells ap- 
pear quite normal x 900 


Methods of Diagnosis. Several methods arc avatlablc for delecting the pres- 
ence of this disease in animals The principa' ones arc as follows. 


1. CLiNiCAl. METHODS. Animals which persistently scour and emaciate should 
be looked upon with suspicion. If such animals die or arc slaughtered a por- 
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tion of the lower end of the small intestine should be sent to a laboratory to 
be examined 

2. SCRAPINGS FROM THE RECTAL MUCOUS MEMBRWF In a Certain number of 
advanced cases, probably not more than one-fourth of all cases, the disease 
spreads to the lower bowel and even the rectum In such cases the thickened 
rectal mucosa may be rccognipcd by palpation If no thickening is recognized, 
a bit of the mucosa may be pinched out with ihc thumb nail for microscopic 
examination The fragment should be wtll-nnscd with clean water, placed 
on a slide, and crushed Smears made from the crushed fragment then are 
stained for acid-fast organisms It should be kept in minil that acul-fasl organ- 
isms occur in the feces of all ctiws and that these must be differentiated from 
the bacillus of Johne's disease The }ohnc bacillus is smaller than most of the 
saprophytic forms, and it occurs in characteristie clumps An experienced ob- 
server usually can be sure of the identiheation of the organisms seen 

3 THE ALi ERGic TESTS In i()<iq, beffirc the bacillus of Johne's disease had been 
cultivated artificially, Oluf Hang (^) called attention to the fact that many 
infected animals would react to avian ttilKrciilin administered subcutane- 
ously This test was used bv many workers with fairly s itisfaclory results One 
of Twort’s first efforts after obtaining pure cultures of the organism causing 
Johne’s disease w.is to make a product analogous to tiiberciilin for use in 
diagnosis Twort’s cultures grew rather pcMirly, however, and the products 
which he was alile to make were not suecessfiil, although it was demonstrated 
that reaelions could be obtained in some animals Beach and Hastings (4), in 
this country, were the first to use johnin, or paratubcrciilin. intravenously 
Their work, and that of others, has demonstrated that this method of admin- 
istration IS more effective than b\ subcutaneous in|ection It has not been 
demonstrated, however, that |ohnin is anv moic effective, or has any advan- 
t.iges over avian tuberculin, when used intravenously 
The physiologic,il reaction folhiwing the intravenous injection of johnin 
and avian tuberculin is the same Normal animals, if not overdosed, show 
little or no rc,ietion Diseased animals, however, tistuilly begin to show signs 
of diseomfort within an hotir or so There is depression, the animal ceases to 
cat, the head is held low, the hair coat stands on end, and the animal may 
shiver Some animals begin to scour prolusely and this may last for several 
days. The fever curve begins from the third to the fifth hour after injection 
of the test material and rc,ichLS its height from the fifth to the eighth hour 
depending upon the size of the dose anti the potenev of the test fluid After 
the peak has been reached, the temperature usually falls quickly to normal 
by the loth or 12th hour (ti). 
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Both avian tuberculin anti johnin may be used intradermally The crude 
filtrates may be concentrated, or it is possible to precipitate an active agent 
from such filtrates by the method used by Seibert for preparing her P P D 
from tuberculin We have tried all of these prtxlucts and believe them to be 
inferior to avian tuberculin, ndministcied intravenously Others, however, 
report successful results with the intradertnal lest Such tests are much simpler 
and less time consuming than intravenous tests, and undoubtedly will 
replace the latter if it can be shown that they give results that are as 
accurate 

4 sEiioLoraciL iFsis Animils a/Tccicd with Johne's disease regularly fix 
complement with antigens made from any of a senes ot acid-fast organisms 
In other words the test is grou[>- and not spccios-spccific It will not distinguish 
between tuberculosis and Johiu's disease, aiul furthermore many animals that 
have neither disease will fix eoinplemcnt, prt-.umably because of sensitiz,ition 
with other kinds ol aeiel-f.isl bieilli Our expentnet has shown that a nega- 
tive test on an .iniinal showing suspicious symptoms indicates that the disease 
IS something other than Johne’s disease, but that positive tests have to be 
interpreted with great care (1^) 

Immunity. Animals which develop clinical evidentc of Johne’s disease sel- 
dom recover permanently Occasionally animals which have been far ad- 
vanced in the disease will appaienily recover, but thcie are no records of 
animals which have completely freed ihemsclvts of the tlisease after having 
shown clinical evidence ot inteetion One .inim.il which we observed remained 
well for five years .liter having sutlered with the disease, but minimal lesions 
were found at autopsy It stems prob.iblc, judging by the results of repeated 
allergic tests fin .1 herd ot ex1x.Timcnt.1l cattle, that many more animals bc- 
tome infected th.m ever exhibit symptoms, and that in these symptomless ani- 
mals ihc fliscasc fltvtlops only to a limited extent and ultimately is thrown 
off completely 

Vallee and Rinjard (19) in 1926 began a senes of experiments in France 
to determine whether the bacillus of Johne’s disease might be used as a vac- 
cine to protect cattle. '1 hey found that when cultures were injected subcutane- 
ously they produced only harmless tumors, and that these tumors apparently 
gave a considerable measure of protection against the naturally acquired dis- 
ease In a report published in 19^4 (20) it is stated that over 124100 animals 
had been treated and that the method had proven to be safe In a small ex- 
periment conducted in this country it was shown that vaccination in this way 
did not prevent infections of calves but that vaccinated calves withstood the 
disease better than the control animals (7) The method has not been tried 
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on commercial herds in this country, and no further information is available 
on the results of the hrench workers 
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MYCOBACTERIUM LI PRAF 

S) lions ms Biiatliii U’pitic, the leprosy bacillus 

Human kpross is one of the oldest of known diseases In 1874 Hansen (2) 
observed the organism, which has come to be knosvn as Hansen's bacillus, 
in the granulation tissue of lesions of this disease In cerlain tvpes of the dis- 
ease this organism mav casilv he demonstrated in large numbers, in others 
Its demonstration is more dilhcult Its constant presence leaves little doubt 
that It acluallv is the caiis.uiA’c .igent of the disease It is strongly acid-fast and 
appe.irs in the form of slender sohd-staining rods which usually are clumped 
M anv AAorkers ha\c isol ited aciel-tast organisms from leprous tissue and have 
believed them to be the bacillus of Hansen It is quite certain that most of 
these cultures arc not the true causative agent of leprosy, and it is not unlikely 
that the true organism has not as yet been cultivated. The term Myco leprae 
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has been applied to many diverse cultures Until proof can be presented that 
a culture is, in fact, the bacillus which may so easily be demonstrated in nat' 
urally infected tissues, this name ought not to be applied to it 
The lepra bacilli, i e , the group of types which various workers have iso- 
lated from cases of leprosy, differ among themselves but the group stands 
apart from the ordinary acid-fast organisms which are so numerous in soil, 
and from those which affect cold-blooded animals (1) Such organisms do 
not appear to exist in or on normal human skins What their relationship is 
to the disease, is not clear at the present time 
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THE ACID-FAST ORGANISM OF RAT LEPROSY 

In a rat destruction campaign w.aged in Otlessa in 1901 Sicfansky (2) found 
about 5% of the animals to bt sufTering from a disease which resembles hu- 
man leprosy somewhat, paitic- 
ularly in the fact that the le- 
sions contain large numbers of 
acid-fast organisms The dis- 
ease has been seen in other 
parts of the world (i), but usu- 
ally only a fiaction of one per 
cent of the population is in- 
volved In some cases there is 
enlargement of the lymph 
nodes, particularly those of the 
axillary and inguinal regions 
The glands become enlarged 
and hardened but do not sup- 
purate Myriads of acid-fast 
bacilli can be found in such 
glands, usually located intrn- 
cellularly, in large cells which 
probably are epithelioid in na- 
ture. In other cases the disease affects the skin and subcutaneous tissue and 
sometimes the underlying muscle The hair is lost from such areas, and 



1 10 (10 1 lie Aciil East Organism of Rat 1 ei>- 
rosy Large epithelioid type cells located in the 
granulomatous lesion of the subcutaneous tissue 
and packed vsith the acul-fasl lepra bacilli x goo 
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sometimes ulcers are formed from which a thick discharge, rich in bacilli, 
exudes In the granulation tissue which forms beneath the skin, bacilli are 
plentiful Lesions in the internal organs are rare, except that nephritis usu- 
ally exists, in which casts bacilli cannot be demonstrated in the kidneys 

It IS not at all certain that the bacillus of rat leprosy has ever been success- 
fully cultivated Several have isolated cultures which they have thought to 
be the causative agent, but these cultures usually fail to reproduce the disease, 
whereas it can be induced by injecting infected tissue The rat leprosy organ- 
ism prob.ihly has no relation to that of human leprosy, inasmuch as rats are 
resistant to inoculation with leprous tissue from man The disease is not 
transmissible to any of the domesticatetl animals 
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ACID FAST BACILLI ASSOCIATED WITH ULCERATIVE LYMPHANGITIS IN CATTLE 

In the course of the work of eradicating bovine tuberculosis in the United 
States, much attention has been given to a condition which occurs in many 
parts of ihe country to which the name “skin lesion tulicrculosis” was early 
attached Traum (H) appears to have Ixen the first to call attention to the 
fact that these lesions sometimes caused cattle to react to the tuberculin test. 
Animals in some areas arc more often affected with these lesions than in 
others, and the distribution of cases docs not correspond to the distribution ot 
orthodox tuberculosis It is now fairly certain that these lesions are not caused 
bv tubercle b.icilli 

The lesions usually occur on the skin of the lower parts ot the legs 1 hey 
first appear as nodules which seem to be attached to the skin but are actually 
IcKated in the subcutaneous tissue In the course of time these nodules usually 
soften, and ulcerate through the skin In the meantime other nodules usually 
appear along the course of the lymphatics It is not uncommon to see animals 
having from four or five to as many as twenty-five ntnlules, many of which 
have broken through the skin After discharging their contents the lesions 
usually heal In some cases instead of discharging, the lesions coalesce forming 
large dense masses formed mostly of connective tissue in which areas of sup- 
puration occur The pus may be fluid, pasty, or dry, inspissated, and calcare- 
ous The neighboring lymph nodes usually do not become involved, a situa- 
tion which invariably occurs in the presence of true tubercle infection 

The histological structure of these ncxiules resembles that of tuberculous 
tissue Acid-fast bacilli which cannot be distinguished morphologically from 
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bovine tubercle bacilli can be found in most cases, although usually they are 
not numerous Although many workers (1) (2) (5) (4) (5) (7) (8) have 
studied these lesions, none has succeeded cither in obtaining cultures of the 
acid-fast organism, or in causing infections in laboratory animals Neither 
has anyone succeeded in transferring the infection to other cattle, even by 
inoculating them with material directly from the nodules Several workers 
have occasionally isolated cultures of acid-fast l>.icilli but the strains isolated 
usually have the characteristics of saprophytes, 1 c , they have been incapable 
of firoducing more than an abscess at the point of inoculation (8) 

Animals affected with these lesions do nut always react to tulierculin and 
when reactions occur they arc somewhat atypical in many instances Sucli 
animals m.iy react at one time and fail to react at another When the lesions 
are removed surgically, gradual loss ol sensitivity (x:curs 1 he disease is not a 
serious one, per te, although the blemishes produced arc ilistjsteful to owners 
of fine cattle The most serious feature about them is the fact that they con- 
fuse the diagnosis so far as tuberculosis is concerned Reactions to tuberculin 
cannot be safely ascribed to the presence of such lesions, unless the history of 
the animal makes the fxctirrcnce of genuine tuberculosis in the same animal 
highly improbable, for they are found in tuberculous as well as in non- 
tuberculous cattle Until cjuite recently tme could have assumed because of 
the absence of references to these lesions in the literature that the condition 
did not (Kcur 111 Europe This was not true, however Identical lesions were 
described in English cattle by Robertson and Hole (y) in 19^7, 111 Danish 
cattle by Gotzsche and Plum (i) in 19^8, and in Swedish cattle by Krantit 
{4) in 193S As early as 1913, Perard and Ramon (6) described a similar if 
not identical condition in France. 
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THE TUBERCLE BACILU OF COLD-BLOODED ANIMALS 

Bataillon, Dubard and Terre (3) in 1897 isolated an acid-fast organism 
from hsh (carp) which were living in polluted water. Since that time, dis- 
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cases havinji some rcscmblariLC to tuberculosis of wjrm-blfxxled animals and 
associated with acid-l.ist organisms have been seen m various cold-blooded 
animals such as frogs, ta<l)i(iles, snakes, turtles, and other species of fish These 
organisms are readily cultivated upon media which support growth of true 
tubercle bacilli 1 hey differ m cultural features but arc alike in that they 
grow rapidly at low lemperaturts Several workers have attempted to show’ 
a relationship to tiiberele bacilli of warm-blooded animals but it is clear that 
they are eiiiitc different T be diseases are seen most olten in animals kept in 
captivity and are the eaiise of deaths of many animals ot this type kept in 
ziNilogieal parks iiul .K|uaiia In many instances the diseases can be repro- 
duced readily by feeding pure ctiliures (2) (4) Although these organisms 
resemble closely some ol the s.i|iro|)h\lic .it id-fast organisms eommonly found 
111 soil and wafer, it is clear tint in most instanees the tuhcrele bacilli of cold- 
blooded animab are true parasites that hive a spetifie airinity for their hosts 
and are not found eommonlv in nature except in their hosts and materials 
eontaminaled bv them (2) Friedman attempted to use a turtle strain for 
immuni/ing people to tubereulosis but the experiments failed Apparently 
the tiiberele b.ieilli ol cold blooded animals have little in common with 
tiiberele baeilli of warmblooded animils other thin the f.iet that both are 
aeid-fast k good review of the subject ol lubeieiilosis in eold-blooded ani- 
m.ils IS that of Aronson (1) 
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THE SAPROPHYTIC ACID EAST BACILLI 

Aeid-fast oiganisms belonging to the mycobacteria art widespread in na- 
ture Nearly .ill soils h irlwir them (1), .ind they are eoiiinuin on vegetation 
and in the ahmentarv iriets ot herbivorous animals Ihey have also been 
found on the inueotis membranes and skins of animals 
'1 hese organisms ipparciulv are harmless, feir the most part, although 
abscesses and tubercles mav be jirodueed bv iniccting them into animals 
1 liev Ireeiuentlv show a verv close resemblance to tubercle bacilli but may be 
distinguished Irom them bv kick of jiathogenicity for animils, rapid manner 
ot growth on culture media, and the tact that they will grow well at room 
temperarure Most ol these organisms will develop luxuriantly on plain glyc- 
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crol agar, on plain agar, or on solutions of simple mineral salts. They grow 
on fluid media in the (arm of pellicles, in most instances, and produce fil- 
trates which resemble tuberculin Usually these filtrates will not give reactions 
in animals affected with tuheiculosis hut will in animals which have been 
inoculated with the homologous organisms 
The studies of Thomson (4), (Jordon (2), and Gordon .ind Hagan (3) 
have made it clear th.il many of the .leid-fast oig.inisms that have been isolated 
from a variety of souiecs by dilTerenl pe-rsoiis 111 the past and hive been 
endowed with different names depending tistially upon the source from 
which they were obtained, arc in realitv alike Thus of a collection of 331 
strains, most of which had been isolated bv the atitliors from soil and water, 
but which included about liltv name'd strains of oilier authors, the greater 
p.irt fell into three prineipal gioiips Thus the smegma haeillus e>f Alvarez 
and Tavcl, M)'e gi uni/nu and Afvt j/tic/oo of Moeller, A/yc hcioUnense ai 
R.ibinowitseh, the lui^cnsihlciw b.ieillus ol kirlinski, several ol the so-e.illed 
leprosy bacilli and others, together with 104 strains isolated fiom soils, ptoved 
to he indistinguishable lioni each other Ikised upon this woik, the Filth edi- 
tion of Ifcrgey has cl.issilied all oi these oiganisins is a single species under 
the n.amed Myc lacucok In the present state of otii knowledge of these 
organisms it is inadvisable to attempt n.iming such cultures We prefer to 
regard them merely as “saprophytic aeid-f.isi bacilli” 
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CHAPTER XXIV 


THE PATHOGENIC SPORE-BEARING 
ANAEROBIC BACTERIA 


The jnacrohic spore-bearing organisms svhich arc classed together under 
the generic name ( lostnduim are quite simil.ir in morphology and staining 
qualities All are rather large, rod-sha|>cd, and (iram-positive when young 
The rods usuallv are straight Some speeies eommonlv appear in tissue fluids 
singly or in pairs whereas others usually are found in long ehains The spores 
in most species arc fival, art leKaled somess'hat centrally in the rtid, and usu- 
ally are greater in diameter than the rod itself Because of their great similarity 
in form, it usually is not fKissible to be certain eif the identity of these organ- 
isms without studying the eultural ehanieieristies In many instances the 
symptoms and lesions of the diseases produced by them arc sufficiently char- 
acteristic to enable a reliable diagnosis to be made 
These org.inisms m.iv be divided into two groups on the basis of their 
disease-producing mechanisms The first consists of those species which have 
little or no power to invade and multiply in living tissues Such organisms 
owe their pathogenicity to their power of forming powerful toxins which are 
produced in loealued areas, or outside of the body Ihe damage in these 
inst.inces is almost or wholly due to the absorption of the poison The organ- 
isms of this group which will be dcserilietl are Cl letani, Cl hotulinum and 
Cl parahotuhnnm The second and huger group consists of species which 
have the power to invade and multiply in tissues These organisms in most 
cases also produce toxins but they are much less potent than those of the 
first group and the damages to the tissues are not due wholly to the toxins 
These organisms are sometimes referred to as the “gas gangrene” group since 
many of them arc eonceriutl in wound infections of the gas gangrene type in 
man Wounds of anim.ils sometimes become infected with pathogenic ana- 
erobes in which case the condition is similar to that of man A number of 
these organisms, however, find their way into animal tissues through the 
digestive tract and thus we have rapidly developing, highly fatal infections 
of animals without the existence of wounds of the skin 
The number of species of organisms which have been found in these gan- 

174 
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grenous infections of animals is large. The ones most frequently encountered 
are the only ones which will be considered here These are 


Cloitndmm chauvoet The cause of blackleg in cattle and sheep 


Clostrtdtum septuum The cause of braxy in sheep and of malignant 
edema infections in other sjiecies 

Clostridium perfringens The cause of lamb dysentery, “struck,” and “pulpy 
kidney disease” of sheep, and cx.casionally of ma- 
lignant edema infections of other spectes 


Clostridium novyi The cause of “bkek disease” of sheep, and occa- 

sionally of malignant edema infeetions of other 
species 

Clostridium hemolyticum The c.iusc of bactcri.il ictcrohemoglobinuria or 
“red water” of cattle 


The spore-bearing anaenibie bacteria cause animal diseases which arc in- 
fectious without being contagious, that ts to say, the diseases produced seldom 
if ever arc transmitted from one animal to another AH of these organisms 
have their habitat in the soil, .and it is from soil, or vegetation, that the in- 
fections are derived EpiAKitics seldom occur, although it is possible for them 
to hajipen when conditions become favorable for a large number of animals 
to become infected from the same source simultaneously 


CLOSTRIDIUM TETANI 
Synonym Bacillus tetani 

The causative agent of tetanus is the best known of all anaerobic, spore- 
bearing bacilli, principally because the symptoms of the disease are so well- 
known and characteristic that it has not been confused with any other of the 
anaerobic infections The organism was isolated in impure culture by Nico- 
laier (8) in 1884 from white mice which had been inoculated with garden 
soil In 1889 Kitasato (4) obtained pure cultures by heating impure cultures 
from infected wounds, thus destroying the ordinary bacteria of suppuration 
but leaving the heat-resistant tetanus spores In the following year (1890) 
von Behring and Kitasato (2) published their classical work announcing the 
discovery of bacterial toxins of which the first was that of Cl tetani. 

Morphology and Staining Reactions. Cl tetani is a slender straight rod 
from to 0.6 microns in width and from 2 to 5 microns in length In 
both tissues and cultures it most often occurs singly but sometimes chains 
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of organisms forming long filaments arc seen In old cultures the rods and 
threads disappear leaving the spherical spores These spores are formed after 
24 to 4S hours’ incubation, and appear in the ends of the rods, swelling them 
so they have the appearance of badminton raekets or drumsticks In some 
media spores art foimtd in abundance, in others even after prolonged incu- 
bation ihtv art lew in number Cultures art Gram-positive when young but 
alter a few days most ol the tells bteomt Gram-negative Young euliures are 
actively motile bv means of peritriehie fl.igtlla 

Cultural Features. T he letinus oig inism grows on all of the ordinary media 
f)f the laboratory provideel only that fairls goinl inaerobie eonditions are main- 

tainetl It will grow also m 
lerobit cultures in association 
with acioliie organisms Deep 
agar colonies are IliilTy, cottony 
split res When blood is present, 
hemolysis occtiis Broth be- 
tomes slightly clouded but 
clears liom sedimentation Gel- 
atin slabs first develop a spike 
of growth along the stab, next 
cottony filaments tMtnd from 
the stab at a right angle into 
the medium, giving a brush- 
likt cfTt'tt, ilitn lie]uefactiun 
and blackening of the medium 
oteiirs, and gas bubbles arc 
formed Litmus milk is pot 
usually changed A soft clot 
may be formed Coagulated 
blood serum ts softenetl and in old cultures miv be blackened but is not 
liquefied Cooktel-mcat medium and brain medium arc not digested but be- 
come turbid and gist off a very foul otlor Cairbohydrates arc not fermented 
but elestieise greatlv favors gnnvth m the simpler types of media Growth 
Occurs best at ^7° C but slow greiwth tKturs at 20° C 

Natural Habitat. The organism of tetanus was found originally bv Nicolaier 
(8) in garden soils, 12 out of 18 samples being positive Fildcs (3), in Eng- 
land, examined 70 soil samples including both cultivated and uncultivated 
and found 33 jxisiuve A number of workers have found the organism to be 
commonly present in horse manure Some have found it in the feces of cows. 
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sheep, dogs, chickens, rats, and guinea pigs, whereas others have failed to Hnd 
It in some of these species, a fact which suggests that these animals may only 
be transitory hosts for the organism Noble (g), for example, found it in ii 
out of 6i samples of horse feces, but failed to find it in 21 samples from cows 
Human feces also are sometimes infected with tetanus bacilli The experi- 
ences of different workers on this subject have differed widely, some being 
unable to find the organism in large senes tif casts, others finding it in a rela- 
tively large proportion TeiiBroetk and Riucr (11) demonstrated tetanus 



I'lG 62 Tetanus in a Pig 1 ctanic spasms of the muscles manifested by rigidity of 
the pans is charaticristu of tetanus m all animals (Courtesy of the Jtn-Sal Laboratories, 
Inc) 


bacilli in the stools of 27 in a series of 78 individuals living in Peking, China, 
and concluded that the organism must be living in the intestinal canal since 
certain individuals who had lived on an almost sterile diet for more than a 
month continued to yield several million tetanus spores per stool 

Pathogenicity. Infections in all animals and man occur as a result of wound 
contamination Clean wounds rarely result in tetanus It is the dirty wound 
which contains foreign material, particularly sod, that is most dangerous. 
Deep penetrating wounds are much more dangerous than superficial ones. 
During the World War of 1914-1918, the study of tetanus was greatly stimu- 
lated by the large number of human cases which developed in troops fight- 
ing on the cultivated fields of Flanders It had been known previous to that 
time that tetanus spores, washed free from toxin, did not ordinarily produce 
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tetanus when injected into animals; that the spores in such cases did not 
germinate, were taken up by phagocytes and ultimately destroyed It was 
learned that tetanus spores would not germinate in living tissues probably 
because of there being too much oxygen present, and that germination oc- 
curred only when the spores lodged in destroyed tissues Cultures of the 
tetanus organism will produce tetanus upon inoculation because the toxin 
present is a lotal tissue destroyer and thus a suitable environment is provided. 
When soil, or foreign materials of other kinds, accompany tetanus spores 
into a wound, they pave the way for the germination of the spores and the 
setting up of an infection Tulloch (12) showed that when washed spores 
were intrtxlueed with the toxins of some of the organisms causing gas gan- 
grene, tetanus resulted with regularity It was also tibserved by other English 
workers that the injection of washed tetanus spores suspended in a dilute 
solution of calcium chloride produced tetanus, and that infections regularly 
occurred in animals receiving washed spore suspensions by inoculation into 
areas of the skin into which calcium salts had jireviously been injected When 
spores were injected intravenously and a calcium solution subcutaneously, 
tetanus resulted through local multiplication of the tetanus organism at the 
site of the injection of the salt Calcium salts seem to alter tissues in a man- 
ner to make them more favorable for germination of the tetanus spore. 

Of the domesticated animals, the horse is by far the most frequently affected 
with tetanus bheep are rather frequently affected, cattle and swine occasion- 
ally, carnivorous animals very rarely, and birds never The occurrence of the 
n.iturally acquired disc.isc seems to corresjxind fairly closely to the suscepti- 
bility of the animals to tetanus toxin. The amount of toxin needed per gram 
of btxly weight to kill a chicken is about 350,000 times as great as for the 
horse For the dog it is about (xw times as great 

In tetanus infections the bacilli do not multiply in any part of the body other 
than the local area where the infection occurred As soon as toxin formation 
IS begun, it and pyogenic bacteria w'hich usually are also present in the wound 
prepare a nidus where conditions are favorable for the tetanus organism and 
It IS here that the organisms multiply and the toxin is generated The local 
effects of tetanus are negligible, the principal agent in the production of the 
disease is the toxin which is one of the most poisonous substances known. 

There 1$ considerable controversy about the manner by which tetanus toxin 
rc.iches the central nervous system where its principal effects arc produced. 
If a fatal dose of tetanus toxin is injected into the foot of a susceptible animal, 
the onset of the disease may be greatly delayed by severing the principal motor 
nerve trunks of that leg (5), or by mfiltrating the nerve trunk with anti- 
toxin (7) Fatal tetanus may be produced by injecting a dose of toxin into one 
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of the peripheral nerve trunks which is not great enough to cause death when 
injected intravenously These and many other similar experiments seem to 
indicate that the tetanus toxin is absorbed by the peripheral nerves and that 
most of It passes through the nerves centripetally until it reaches the motor 
cells of the anterior horn of the cord at which time general symptoms of the 
disease make their appearance. The mcch.inism by which the toxin passes 
up the nerve trunks has not been adequ.itely explained, and there are those 
who doubt that this explanation is the true one (i) 

The symptoms of tetanus are similar in all animals They consist of chronic 
or tetanic spasms of the muscles Sometimes these begin in one part of the 
body, where the infected wound is located, but generally the disease extends 
to all parts The frequency with which the facial muscles are affected, thus 
making it difhcult for the victim to ojk-ii his ni'iiith, is responsible for the 
name “lockjaw” by which the disease is commonly known 
Infections in horses occur most often as a rcsuli of nail wounds in the foot. 
In sheep the infection is seen most often after lambs are castratetl or docked 
In cattle it may be a puerperal infection following c.ilving, or it may follow 
dehorning, castration, and nose ringing of bulls In all anim.ils it may occur 
as a result of infection of otherwise trivial wounds, and cases are even seen 
when no wounds can be found Umbilical infections of new-born animals 
often occur. 

Immunity 

NATtiRAL IMMUNITY Bircls and other animals which arc naturally resistant 
to tetanus have no antibodies in their tissues The brain tissue of such ani- 
mals, however, seems to have no affinity for the toxin, as was first demon- 
strated by Metchnikoff (6) The blocxl of most cattle contatns ncutraliztng 
antibodies, and small amounts arc found in the blood of sheep and goats. It 
has been suggested that perhaps this comes about from the activity of tetanus 
bacilli in the fore-stomachs of these ruminants The blood of horses, dogs, pigs, 
and men docs not normally contain antitoxin The brain tissue of all suscepti- 
ble animals possesses the power of uniting with tetanus toxin in vttro and 
thereby neutralizing it 

ACQUIRED IMMUNITY Effective means of rendering susceptible animals im- 
mune prophylactically are available. This may be accomplished cither actively 
or passively. When an animal has suffered “a wound from which it is feared 
tetanus may develop, it is necessary to use a method by which resistance can 
be conferred quickly In this situation tetanus antitoxin is indicated. Usually 
1,500 units IS adequate to give complete protection for a period of several weeks 
which ordinarily is long enough. If another wound is incurred a few months 
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later, another do« of antitoxin is needed, and repeated doses of antitoxin may 
result in anaphylactic shocks in all animals except the horse, for which the 
serum is homologous 

When symptoms of tetanus have appeared, the efficacy of the antitoxin is 
not so great as when it is used prophylactically In these instances the antitoxin 
IS administered as soon as possible and is given preferably in a single dose 
of from 100, 0(X) to 2 oo,(xki units Animals frequently die in spite of such treat- 
ment On the other hand when the infected wound is thoroughly cleaned out 
surgically and treated with antiseptics, and the animals are kept quiet in a 
darkened room, onc-third or more of them will recover without treatment 
with antitoxin. 

Active immuniz.ition of horses against tetanus was introduced by Ramon 
(lo) of the Pasteur Institute in Pans, and has proven to be a thoroughly prac- 
tical procedure The immunizing substance is teuintis toxoid or anatoxin This 
IS made by incubating highly potent toxin ssith 04 per cent formalin until 
the toxicity has been eompletely destroyed This rcijuires several weeks The 
solution may be used as it is, but an improved product results from precipi- 
tating the toxoul from solution with alum (potassium aluminum sulphate) 
The precipitate contains the actise principle freed from extraneous material 
After It has been washed it is susjnnded in saline solution A single injection 
of this material will product an appreciable degree of immunity, but it is best 
to give a second dose in about one month * Such animals will have sufficient 
antitoxin in their bloeid to protect them from natural infection for at least a 
year. If dangerous wounds are contracted later it is best to administer another 
dose immediately This will cause an immediate increase in antibodies 
If the animal has not previously been injected sv ith toxoid, it is useless to 
use toxoid in the face of an emergency because initial production of antitoxin 
1$ too slow 
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CLOSTRIDIUM BOTUUNUM AND CL PARABOTUUNUM 
Synonym - Bacillus hotuhnus 

As a disease of man botulism has been known for many years The disease 
was given its name by Muller (13) in 1870 The causative agent was found 
m 1897 by van Ermengem (5) who studied an outbreak occurring in Elle- 
zelles, Belgium, in a group of persons who partook of an imiierfecily pre- 
served, smoked ham at a dinner The organism was found in the ham and 
the tissues of one of the persons who died of the disease The toxicogenic prop- 
erties of the organism were recognized by van Ermengem, also the fact that 
the toxin wrought its damage by attacking portions of the nervous system 

In Europe a consider.able number of outbreaks of the disease have occurred 
during the last thirty years, the grc.iitr numlKr being traced to hams, sausages, 
and other meat products Beginning about 1919, a series of outbreaks have 
been recognized in the United States, but these have been traced, with but few 
exceptions, to canned vegetables It has been shown by Meyer and co-workers 
(ii) that the organism is commonly present in the soil in all parts of the world. 
Botulism IS due, therefore, to ftKid materials which h ive been contaminated 
at some stage of their preparation with seiil, whieh have been imperfectly 
sterilized thereafter, and then allowed to stand, with the air excluded, suf- 
ficiently long to allow the organism to generate its powerful toxin The dis- 
ease is not a bacterial infection, it is an intoxication with toxin generated in 
food materials before they are eaten The organism has little or no ability to 
generate toxin in the alimentary tract 

Botulism as a disease of domesticated animals has been recognized only in 
recent years In 1917 it was studied by Buckley and Shippen (3) as a disease 
of the horse in the United States. This horse disease was studied by Graham 
and associates (7) in 1919 and later. In 1920, an outbreak in a large flock of 
chickens was described by Hart (9) Dogs, sheep and pigs are very resistant 
to botulism and it is doubtful that natural outbreaks ever occur in these 
species Sporadic cases of botulism frequently are diagnosed on a purely clini- 
cal basis in this country but it is likely that most of these diagnoses are incor- 
rect. Lamzte^te, a disease of cattle in South Africa, and Lotn disease of cattle 
in parts of Texas apparently arc botulism. Seddon has described botulism in 
cattle in Tasmania. 
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Clostridium hotulinum and Cl parabotulmum arc described together since 
both produce the disease known as botulism The principal difference be- 
tween the two species is that the first is non-proteolytic and the second proteo- 
lytic There arc differences, also, in the antigenic properties of the toxins, but 
such differences occur heiween types within each of these species. 


Morphology and Staining Reactions. The sjiecies and types within the species 
cannot be distinguished on a morphological basis All arc relatively large rods 

which usually occur singly, but 
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may form short chains They 
measure from 05 to 08 mi- 
crons in width and are from 3 
to 6 microns long Motility oc- 
curs in young cultures, the cells 
being provided with peritrichic 
flagell.i Spores form readilv and 
abundantly They arc oval, arc 
located centrally and excentri- 
cally, mil cause slight bulging 
of the cells The organism is 
Oram-positive but m old cul- 
tures the cells usually decolorize 


1 1(, (>^ ( lostiiilium hotiilmtim Culture in Cuhur®! Features 
meat piece nitilium inculialed aM hours at syO C CLOSIRIDILM BOTULINUM The 
' original culture of van Ermen- 

gem h.is been lost .ind since it was inadequately described in the light of 
prcsent-d.iy knowlceige, present descriptions are based upon a strain from the 
Lister Instiiutc (No qq) which corrcsjxmds in us principal features to van 
Ermengem s org.inism 

Colonics in deep .igar arc fluffy Better growths occur in media made from 
liver than in those made from muscle tissue Gelatin is rapidly liquefied Milk 
IS slowly acidified but is not co.agulated. Coagulated blood serum and coagu- 
lated egg albumin arc not liquefied Brain medium and meat medium are 
not digested Acid and gas are formed from dextrose, levulose, maltose, dex- 
trin, glycerol, adonnol, and inositol Lactose, sucrose, galactose, ralEnose, mu- 
lin, dulcitol, mannitol, wlose, arabinose, rhamnose, and salicin are not fer- 
mented (Type C, described below, differs from the above principally in that 
It ferments galactose and adonitol ) 


CLOSTRIDIUM psRSBOTUUN'UM. This Organism corresponds to the foregoing 
description except in the following particulars. Milk is slowly curdled, the 
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curd partially digested and darkened Coagulated bUxid serum and egg al- 
bumin are digested and blackened and a foul putrefactive odor is emitted. 
Brain medium and meat medium are digested, bl.ickencd, and emit a putre- 
factive odor. Acid and gas are formed from dextrose, Icvulose, maltose, dextrin, 
glycerol, and saliciii Galactose, lactose, sucrose, rbamnosc, raflinuse, inuiin, 
adonitol, dulcitol, mannitol, xylose, arabinosc, and inositol are not fermented 
All organisms included in these species are strict anaerobes but arc not 
fastidious, otherwise, in their growth recjuircments They grow best at tem- 
peratures around 30° C but are capable of growing in a wide range of tem- 
peratures up to that of the body The strains which arc not proteolytic never- 
theless give off a strong odor which is suggestive of putrefaction but is not so 
powerful as that produced by the protein Inpiefying types 

The Cultural and Toxicogenic Types. In igiq Burke (4) found that the 
strains m her possession, which had lieen isol.itcd from C'ahfornia products, 
were not alike toxicologically, although agreeing in cultural fc.iturcs The 
toxins of all strains produced practically the same clTceis on animals, but anti- 
toxins which would neutralii'C the toxins of one group of org.inisms would 
not neutralize those of another, and vice versa On the basis of her experiments 
she differentiated two types and dcsign.ned them as Types A and B The Type 
A organism appears to be the more common in Californi.i and is the one 
which was found in most of the outbrt.iks of botulism originating in 
canned gcxids p.ickcd by commercial firms in California between 1919 and 
1925 The Type B organism, on the other hand, seems to be more widely dis- 
tributed and IS the one which predominates in the middk west and eastern 
p.irts of the country In 1922, Bengston (i) described .inothtr type which she 
had isolated from fly larvae This organism differs from those previously de- 
scribed in certain cultural features, and in the toxin produced She desig- 
nated the organism as Type C. In 1929, Meyer and Gunnison (12) stud- 
ied the organism causing the South African lami:iel{ie, found it to be differ- 
ent from those previously described, and so designated it as Type D In 
1928, Theiler (14) found that two mules which had died after eating out of 
the same manger, had been poisoned by botulism toxin which came from a 
decomposing rat carcass in the hay. This type proved to be different from 
those previously described and was designated Cl boUtbnttm, Type E This 
organism is similar to Type C and may prove to belong to that type Some 
authors recognize two kinds of Type C, designating them as C., and Cb. The 
C, type IS associated with fly larvae and affects only birds, whereas Cb affects 
birds, monkeys and laboratory animals 
In 1924, Bengston (2) studied all available strains of the organism of botu- 
lism in a comparative way She found that the Type A and Type B strains, 
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which apparently are most common and most important in this country, were 
strongly proteolytic, whereas, the original description of van Ermengem was 
clear in that the Ellezelles organism was not proteolytic (the original strain 
could not be studied because of its having been lost) On the other hand, she 
found her fly-larva strains (Type C) to be non-proteolytic, and since the two 
South African animal strains are non-proteolytic, she proposed that Types 
C, D, and E be called Cl hotulinum. and A and B, parabotultnum Some au- 
thors prefer to regard all of these tyjies as members of a single genus. 

Certain characteristic differences aside from properties of the toxins and 
proteolytic activity may be noted among the several known types of the or- 
ganism of botulism The Type A organism produces spores which are extraor- 
dinarily resistant to heat, thus Esty ( 6 ) and Meyer have reported maximum 
resistances for organisms of this type up to five and one-half hours at 100° C. 
Organisms of the other types show much less resistance, most of them being 
destroyed by boiling for a very short time Undoubtedly this difference in 
heat resistance explains why there has been so much difficulty in controlling 
botulism in canned goods packed on the P.acific Coast where the A type is 
common 

Only Types A and B (the paraboiulinum types) have been incriminated 
in human botulism, although it has already been said that the original strain 
of van Ermengem probably did not belong to cither of these types 
The Ty[)e A organism is usually |X)sscsscd of the more virulent toxin, in 
fact, no more poisonous substance has ever been found than the toxin of cer- 
tain strains of this type Bv using properly graded doses of unknown strains, 
Graham (S) has been able to make a rapitl differentiation between the A and 
B types by the inoculation of chickens and of dogs These species are relatively 
resistant to the B type of toxin while very susceptible to the A type, thus, un- 
less excessive doses arc used, they will remain free of symptoms in the pres- 
ence of the B type but show typical botulism in the presence of the A type 
The toxins of both A and B types affect a great variety of animals, both 
vertebrate and invertebrate Earthworms, snails, tadpoles, frogs, fish, birds, 
dogs, cats, horses, monkevs, and man have been poisoned. Cattle may be 
'{«v«iwee\,Wv Mt sftTOC'NVta.tWss susecpttbVc tkatt most otVta mam- 

mals, and swine are quite resistant. 

Although It IS not poisonous for man, the Type C organism has proven to 
be important cconomicallv Bengston found it originally in the larvae of a 
blowfly, iMctlia caesar, which obtained it from putrefying carcasses upon 
which they had fed When these larvae were fed to chickens, a characteristic 
disease which had long been recognized as a disease entity, “limber neck,” was 
produced. In this disease the birds exhibit sleepiness, and they are unable to 
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hold up their heads finally because of a flaccid paralysis of their neck muscles 
Such birds usually die Kalmbach (10) proved that a devastating disease in 
wild duck and other water birds in an area centering around Great Salt Lake 
m Utah was due to botulism, the organism belonging to Type C In shallow 
stagnant water in many pools which dry up during the hot months, decaying 
vegetation provides a favorable medium for the growth of this organism and 
the generation of its toxin, and many thousands of ducks, feeding upon such 
vegetation on the bottom of the water holes, die each year The disease has 
long been known as the western duck sickness or as the “alkali disease” since 
It had been believed that it was caused by s,ilt poisoning 

The Type D organism has been found only in the disease of cattle of South 
Africa which is known as "laniztel(te" or the lame sickness The etiology of 
this disease was finally cleared up by Iheiler and his co-workers (14) in 1926 
The disease occurs only in ceriain resiiictcd areas in cattle on the range In 
these areas the cattle have the habit of bone chewing which, it was shown, is 
due to a phosphorus (lefieienty svhich creates the abnormal ajtpelite The bones 
of animals dying on the “veld” (range) were eagerly sought and chewed 
Some of these bones were in advanced stages of decomposition, and in them 
the botulinum toxin often was present A disease which evidently is the same 
as lam/iekte occurs in certain parts of the 1 exas plains where phosphorus 
deficiency exists and bone chewing is common The symptoms are the same 
as those of the SiAith African disease 

The origin of the Type E organism from a rat carcass in hay has already 
been mentioned Gunnison, Cummings and Meyer proposed that a strain iso- 
lated from spoiled fish in Russia be designated as Type E It is evident that 
the last word on the classification of these types has not yet been said 

Pathogenicity. The toxin of the organism of botulism enters tbe body through 
the intestinal tract but the damages caused by it arc almost wholly in the 
nervous system Histological changes have not been found in the nervous 
system, however, hence there is much doubt as to the manner by which dam- 
age IS caused It has been suggested that the damage is to the peripheral nerves 
rather than to the central nervous system. 

The symptoms are essentially those of paralysis Disturbances in vision 
occur, there is difficulty in locomotion, the tongue often becomes paralyzed, 
swallowing becomes impossible because of pharyngeal paralysis, and respira- 
tory paralysis finally terminates the disease. 

Sources of Infection for Animals. It has been said that most cases of botulism 
of man occur from the eating of preserved food, especially canned vegetables. 
These are not ordinarily eaten by animals but several large outbreaks have 
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been caused by feeding spoiled canned goods to chickens. It is difficult to see 
how conditions favorable for the generation of botulinum toxin can develop 
in the food of the herbivorous animals, as they arc ordinarily maintained In 
moldy hay and grain which have been damp or wet for a time, it is possible 
to have the toxin develop We believe that most rejiortcd cases of botulism in 
horses and cattle are the result of erroneous diagnoses. 

Diagnosis. The bacteriologic diagnosis of botulism in anim.'ils is difficult, 
and there are many clinical diagnoses that cannot be sustained in this way. 
The finding of the organism in the intestinal tract of the affected antmal, or 
the provtng of its presence in food materials is not sufficient to prove its con- 
ncction with the disease It must be remembered that organisms of this group 
are wide spread in nature and are likely to be encountered in any food stuffs 
that may be contaminated by soil (dust) To prove that a food is guilty it must 
be shown that it actually contains toxin in an amount sufficient to cause 
poisoning. 

Immunity. Homologous antitoxins protect animals very well against botu- 
lism. In practice they are of little use since the disease does not appear fre- 
quently enough in anv one herd to warrant prophylactic immunization, and 
for curative purposes antitoxins are of little value Polyvalent antitoxins 
(Types A and B) are made commercially and arc available If given very early 
in the disease it is thought that they have some curative effect 
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CLOSIRIDIUM CHAUVOEI 

Synonyms. Baallus chauvoet; Bacillus carbonts, Bacillus anthracis sympto- 

matia. 

This organism affects cattle principally, sometimes sheep and goats. Guinea 
pigs may readily be infected by inoculation The other domesticated animals, 
and man, are immune In cattle the disease is known as blackleg, black quar- 
ter, quarter ill or symptomatic anthrax In England it is reported that the dis- 
ease IS common in certain areas where it usually occurs as a post-parturicnt 
infection in sheep The infection is widespread in large areas of the “range 
country” of the United States 
where the losses are principally 
in cattle In this species the dis- 
ease occurs without any evident 
portal of entry. 

Morphology and Staining Re- 
actions. This organism ap- 
pears in tissues and cultures as 
a straight, round-ended rod 
about 0 6 microns in width and 
from 3 to 8 microns long It 
usually appears singly or in 
chains of three to five organ- 
isms in the peritoneal exudate 
of inoculated guinea pigs, and 
this IS useful in distinguishing 
It from Cl septicum and other 
anaerobic bacilli which fre- 
quently occur in materials sus- 
pected of blackleg The latter 
organisms usually occur in long chains Spores are oval and appear cx- 
centrically, swelling the rods into lemon-shaped structures Very young cul- 
tures are motile by means of peritnchic flagella The cells stain somewhat 
unevenly The Gram stain is positive when the cultures are young but er- 
ratic after they arc a few days old. 

Cultural Features. Clostndium chaupodls a little more exacting in its cul- 
tural requirements than most of the organisms in this group It is strictly 
anaerobic, and will not grow on ordinary dextrose agar except when tissues 
are earned over in the inoculum. The addition of blood or tissue make ordinary 



Fig 64 Clostridium ihaiwoei Film from 
the surface of the liver of a guinea pig dead as a 
result of artificial inoculaiion with a pure cul- 
ture Tilt bacilli are always arranged singly or in 
pairs, never in long chains as in Cl septicum in- 
focuons xprxi 
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broth and agar favorable for it It will grow luxuriantly on all media made 
with a liver infusion base, without enrichment 

Deep colonics on agar are delicate and compact, being irregularly spherical. 
When blood is present there is evidence of slight hemolysis but definite zones 
are not formed around surface colonies In plain broth there usually is no 
growth unless blood or tissue has been tarried over with the inoculum In 
liver broth, the fluid becomes mfuleratcly clouded Gelatin containing a little 
scrum IS slowly liquefied and a few gas bubbles are formed. Growth on coagu- 
lated blrxid serum and coagulated egg is pool, .ind there is no lit]uefaction 
Cooked meat medium becomes pinkish and the fluid is slightly clouded Liver- 
brain medium gives excellent growth and is a good medium on which to 
maintain cultures It is not digested Atid and gas are formed from dextrose, 
levulose, galactose, maltose, lactose, and sucrose Inuhn, sahein, mannitol, 
glycerol, and dextrin arc noi fermented Cultures of this organism give off 
a characteristic odor hy which c\|)cricnccd workers frequently can identify 
the species It is not putrefactive but rather butyric. Some of the toxins re- 
ported by earlier workers evidently were the result of working with impure 
cultures. 

Normal Habitat and Mode of Infection. The organism of bl.ickleg exists in 
the soil. Whether it multiplies there, or whether it merely lives there in the 
sixirc form and mtilti|ihcs in the intestin.il canal of animals, is not known. 
In any case it is known that when pastures or grazing grounds once become 
infecied the disease will reappear regularly in susceptible animals year after 
year In sheep, the disease seems to be quite often a wound infection, occur- 
ring after lambing, docking, and shearing (4) In cattle, wounds are seldom 
found and it is believed that infections occur mostly through the digestive 
tract. 

Pathogenicity. Guinea pigs are easily infected by inoculation and are the 
best animals for duignostic work Mice can sometimes be infected and also 
rabbits Experimental animals usually die in about 48 hours 1 he muscles in 
the region of the point of inoculation arc hemorrhagic, darkened, and there 
may be a little edema but no gas present The abdominal cavity usually is moist 
and the liver may have a semi-eooked appc.irance Smears from the liver sur- 
face show numerous tvpical bacilli arranged singly, in pairs, or in very short 
chains. Pure cultures arc easily obtained from the peritoneal fluid, and usually 
from the heart blcxid. 

Bovine infections occur mostly in young animals, from four months to two 
years old Lameness is the first manifestation A diffuse swelling then usually 
appears in the region of the shoulder or of the rump, and the animal shows 



tTHE PATHOGENIC SPORE-BEARING ANAEROBIC BACTERIA 289 

fever and great depression If the swollen region is palpated it is found to 
be soft and when pressed a crackling sound is heard because of the gas in the 
muscular tissue The affected animals usually die within a day or two The 
lesions consist of blackened muscular tissue where the swelling existed. The 
tissues are quite dry and gas bubbles are found throughout. They give ofE 
a characteristic rancid odor Cases of blackleg occur in which muscular lesions 
are not found, or the lesions may be small and located in such obscure muscles 
as the pso.is group, or those of the diaphragm In addition to the characteristic 
muscle lesions, the liver may be swollen and show collections of small gas 
bubbles, especially if some hours have elapsed since death occurred In a great 
many calves vegetative lesions may be found on the heart valves, the heart 
muscle IS often pale and friable, and there may be fluid and fibrin in both 
chest and abdominal cavities 

The disease is prev.ilent 111 the states of the Mississippi Valley and in the 
range regions beyond It also exists in many sm.ill areas in nearly all parts of 
the world where cattle are kept 

Immunity. The few animals that recover from an attack of this disease ap- 
pear to be permanently immune In regions where the disease is common, 
young cattle are regularly immunized in order to prevent losses The immu- 
nization IS ordinarily done in late winter or early spring because the infec- 
tions are contracted on the range or pasture during the grazing season Several 
methods for successfully immunizing animals are available For many years 
vaccines were used Later these were largely replaced in the United States by 
tissue or culture filtrates f.iggrcssins) 1 hese were better but were much more 
expensive to manufacture In recent years the blackleg b.icterin has been used 
to the exclusion of all former methods Bacterins are vi ry s.itisfactory and 
cheaper than filtrates Immune serums have been prepared These will protect 
when administered prophylactically but they are expensive and the duration 
of the immunity is too short for practical use. When given in large amounts 
and very early in the course of the disease infected animals may sometimes be 
saved 

VACCINES A number of different vaccines have been used more or less suc- 
cessfully for the prevention of blackleg The two best known of these are those 
of Arloing, Cornevin, and Thomas (i) (known generally as the Lyon vaccine, 
since the workers were at the Veterinary School at Lyon, France) and the 
Kitt (2) vaccine, which is, essentially, a modification of the Lyon vaccine In 
both of these vaccines, the diseased muscular tissue is used as a basis. Bv a 
process of drying and heating the vegetative forms of the blackleg bacilli in 
the muscular tissue are killed and the spores are attenuated until they no 
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longer have sufficient virulence to be dangerous The original Lyon vaccine 
consisted of two vaccines, one weaker and intended for use first, and another 
stronger, intended for use about ten days after the first. The Kitt vaccine con- 
sisted of only a single injection of material which had been attenuated For 
many years a modification of the Kitt vaccine was made and distributed 
free-of-cost to the cattlemen of the midwest by the Federal Bureau of Ani- 
mal Industry (6). This vaccine gave reasonably good results and certainly 
prevented heavy losses from the disease The vaccine consisted of black- 
leg muscle which was ground up and spread upon plates or shallow pans 
in this form and heated for six hours at 94° to 95“ C The dry scale was 
afterwards scraped off, ground to a brownish powder, and stored until needed 
When ready to use, weighed amounts were soaked up in water, the material 
was filtered and the filtrate used Insignificant reaeiions to the vaccine usually 
resulted. Occasionally a few losses from blackleg occurred from this vaccine 
and sometimes animals appe.ircd to lack proper jirotection after its use This 
vaccine is no longer ma<le since lictter products .ire now available 

AccREssiN It has been shown by sevcial workers that filtrates of the blackleg 
tumor flutds [xissess immuni/ing properties Sthoenlebcr, Haslam and Frank- 
lin (7) (1917) applied the method in field practice and found it very success- 
ful. The aggressin, when properly prepared, gives a strong immunity and is 
perfectly safe The immunity is .ictive It persists longer than is the case with 
the older vaccines. 

CERM-iREE ULTRSTE (artii icisL aocressin) Nitt.i (5), of ^apan, observed that 
filtrates of blackleg cultures grown in the presence of meat fragments had 
immunizing properties which were nearly as great as those of true aggressin 
These substances do not appear in ordinary cultures The method of produc- 
tion IS to cultivate the organism in flasks which contain a meat-piece medium, 
to squeeze the )Uice out after growth is completed and to free the juice of the 
organisms by filtration This product can be made more cheaply than the 
true aggressin which necessitates the sacrifice of calves in its production 

BLACKiEG BACTERiN BLACKLEG sNAcuLiLRE Following the discovery that for- 
malin had the power of destroying the jxiisonous properties of toxins while 
preserving their antigenic value, Lcclainche and Vallee (3) tried the procedure 
on cultures of the blackleg organism and discovered that formolized whole 
cultures constituted a safe and effective immunizing product About the same 
time, or perhaps previously, the same procedure had been discovered by the 
research staff of an American commercial company The product has been 
extensively used in this country and is unijuestionably a safe, reliable, immu- 
nizing agent for cattle. The immunizing substance resides in the bacterial 
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cells, hence the cultures are concentrated by sedimentation before the formoli- 
zation IS carried out The material can be produced more cheaply than either 
naturally or artificially produced aggressin, for the reason that Berkefeld filtra- 
tion IS eliminated, and this is the most expensive procedure in the aggressin 
manufacture Since the product does not depend upon a detoxified toxin, or 
antitoxin, for its immunizing properues, but rather upon the antigenic proteins 
of the killed bacterial cells, the term anaciilture has been proposed for it. 

BLACKLEG SERUM By immunizing horses with washed cultures of the black- 
leg organism a highly patent scrum can be obtained which is useful, when 
used in large amount, in protecting viluable calves when blackleg is present 
in a herd, and in treating cases which have already developed. For treatment 
the serum is not highly successful though some calves have been s.ived with it. 
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CLOSTRIDIUM SEPTICUM 

Synonyms Vtbnon septtque, Baalluf septtcus Prob.ibly Ghon-Sachs bacillus. 
Also erroneously, Bacillus edematis-maligni. Bacillus edematis. 

This organism was first identified bv Pasteur (6) in 1877 from carcasses of 
animals thought to have died from anthrax About this time Koch (5) iso- 
lated his malignant edema bacillus from animals which had been inoculated 
with soil Koch regarded the two organisms as identical but since his organ- 
ism was strongly proteolytic and Pasteur’s was not, it is evident that they were 
not identical. Koch’s organism has been lost, hence it is not possible to know 
precisely what organism he had. It is possible that his cultures contained Cl. 
septicum contaminated by a proteolytic anaerobe such as Cl sporogenes This 
organism is generally called the malignant edema bacillus and the condition 
produced in animals is termed malignant edema, but it should be kept in mind 
that It IS not the malignant edema bacillus first described by Koch. 
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Moiphology and Staining Reactions. Cl septtcum is a rather large rod hav- 
ing the shape and size of the blackleg organism. It is from o 6 to o 8 microns 
in width and 3 to 8 microns long. It usually is straight and the ends are 
rounded. In cultures it usually occurs singly or in short chains, but in animal 
exudates it appears in long chains It has already been pointed out that the 
tendency of this organism to form long chains on the surface of the liver of 
inoculated guinea pigs is a feature by which it may be distinguished from 

Cl chauvoei which occurs sing- 
ly or in very short chains. 
Young cultures show active mo- 
tility because of peritrichic fla- 
gella The spores are oval, oc- 
cur evLcnincally, and swell the 
cells in which they are formed 
It IS Gram-pusitivc, but like 
most of the other organisms of 
this group, old cultures usually 
decolorize It stains readily with 
all of the ordinary stains. 

Cultural Features This or- 
ganism grows readily in all or- 
dinary media so long as good 
anaerobic conditions prevail In 
Its growth vigor it differs from 
the blackleg organism with 
which It often is confused, the latter being much more fastidious in its re- 
quirements than Cl icpticum 

Colonies in deep agar usually are cottony and filamentous In blood agar 
plates tlie colonics arc surrounded by hemolytic zones Gelatin is liquefied 
and a few gas bubbles are formeil in it Plain infusion broth is lightly clouded 
Litmus milk is coagulated and some gas may be formed in the curd The curd 
IS not digested Cawgulated blcxx! serum and coagulated egg albumin are not 
digested There is good grosvth in meat medium and in brain-hver-medium 
but there is no digestion or darkening. Acid and gas are formed from dextrose, 
Icvulose, galactose, maltose, lactose, and salicin. Sucrose and mannitol are 
not fermented A mild toxin is generated by this organism. 

Natural Habitat and Mode of Infection. Cl septtcum exists in all fertile soils 
and in the intestinal tracts of herbivorous animals As in the case of Cl. 
chauvoet, it is not known whether it multiplies in the soil or whether it merely 
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exists in the form of spores formed by organisms present in animal excre- 
ment. 

Infections occur through wounds in many cases but not all cases can be 
accounted for in this way. The disease of sheep occurring in Norway, Iceland, 
and Scotland which is known as bradsot or braxy is caused by Cl septtcum, 
the lesions being internal. It is supposed that the infection occurs through the 
digestive tract 

Pathogenicity. Pure cultures will kill guinea pigs, which are highly sus- 
ceptible also to Cl chauvoet, and rabbits, mice and pigeons which are resistant 
to the blackleg organism The lesions 111 guinea pigs cannot be distinguished 
from those of blackleg. A blood-tinged gelatinous exudate is found beneath 
the skin at the point of inoculation and the muscular tissue is dark red in color. 
Gas IS not usually present in the tissues 1 he peritoneal cavity usually is moist 
and may have a little more fluid in it than normal The liver is lighter than 
normal, having a senii-ctKiked appearance Stained films from the liver sur- 
face show long, jointed chains of cells 

Wound infections in animals are known under the general name of malig- 
nant edema Such infections arc characteri/xd by rapidly extending swellings 
which arc soft and pit on pres- 
sure The aflecled animals show 
fever and other signs of intoxi- 
cation and most of them the 
within a few hours to one or 
two days The affected tissues 
are infiltrated with large quanti- 
ties of gelatinous exudate most 
of which IS in the subcutanerius 
and intermuscular connective 
tissue The muscular tissue is 
dark red, but unlike blackleg, 
contains little or no gas Infec- 
tions in cattle sometimes le- 
semble blackleg very closely 
Recognizing this, the organism 
in the German literature is re- 
ferred to as the para-blackleg 
bacillus It IS believed that in 
many cases cattle and sheep suf- 
fer from a mixed infection with the blackleg and other anaerobic organ- 
isms, and that the organism of blackleg in such cases often is overlooked 
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because it grows more delicately than the others and is crowded out of 
cultures. 

CL septtcum causes infections not only in cattle and sheep which are also 
susceptible to blackleg, but also in horses, swine, and man, who are not sus- 
ceptible to blackleg. 

Braxy or bradsfit destroys large numbers of sheep each year in northwest- 
ern Europe, principally in Norway, Scotland, the Faroe Islands, and Iceland 
(4) 1 he disease is apparently caused by Cl sepucum, by ingestion, although 
experimenters have had little success m producing the disease in that way It 
IS thought that some accessory factors, as yet unrecognized, are responsible 
for the infections. Affected animals die very suddenly without showing symp- 
toms previously, or after only a few hours of symptoms at most The walls of 
the fourth stomach and the first part of the small intestine are edematous, 
hemorrhagic and sometimes necrotic The internal organs shtiw only degen- 
erative changes. 

Immunity. Cl. septtcum produces a toxin of moderate potency Usually 

05 to 1.0 cc. of a filtrate of a culture will kill guinea pigs within a few 
minutes. According to Dalling (2) an antitoxin can be prepared by inoculat- 
ing animals with the toxin, but the toxin .always is highly irritating and pro- 
duces necrosis at the point of injection Animals may be immunized by inject- 
ing them with toxin partially neutralized with antitoxin For use m England 
where malignant edema seems to be a more important infection m cattle than 
It IS in the United States, Dalling recommends simultaneous immunization 
against this disease and blackleg by injecting with a mixture of blackleg ag- 
gressin and toxin-antiioxin for malignant edema For protection against braxy 
in sheep, formolized whole cultures of Cl septtcum seem to be quite satisfac- 
tory (^) The potency of antitoxic serums is too low to make them of service 
in treating wound infections. 

REFERENCES 

1. BREED Jour Am Vet. Med Assoc, 1937, 90, 521. 

2. DALLING Jour Comp. Path, and Therap., 1926, 39, 148 

3. DUNCAL Jour. Comp. Path and Therap., 1932, 45, 313. 

4 CORDON Vet Rec , 1934, 14, i and 1016 

5. KOCH Mitt. a. d Kaiserl. Gesundheitsamte, 1881, i, 54. 

6 PASTEUR AND jouBERT Bull Acad Med , 11 Ser , 1877, 6 , 781. 



THE PATHOGENIC SPORE-BEARING ANAEROBIC BACTERIA 


295 


CLOSTRIDIinf NOVYI 

Synonyms Novy’s B edematts maltgm II, Clostridium edematiens. 

This organism was first described by Novy (2), in 1894, who isolated it 
from a guinea pig which had been inoculated with unsterili/ed milk protein. 
It was lost sight of for many years until Weinberg and Seguin (6) rediscov- 
ered It in gas gangrene infections of man in 1915 It was they who gave it the 
name Cl. edematiens, and this name still is used by most English and French 
workers. It is quite similar to Cl septicum in its cultural features and in patho- 
genicity 

Morphology and Staining Reactions. This is one of the largest of anaerobic 
bacilli It measures 08 to 1 0 microns in breadth and is from 3 to 10 microns 
long The rods usually are quite straight and the ends rounded The spores 
generally are present in abundance They are located subterminally and are 
oval Young cultures are motile by peritrichic flagella Young cultures are 
Gram-positive, older cultures usually lose this property. 

Cultural Features. This organism is more strictly anaerobic than most of 
the other disease producers To obtain surface growths, the anaerobic appa- 
ratus must be in good working order In deep agar cultures the colonies grow 
well, especially when dextrose is present. The colonies vary m form, some 
being compact and of a yellowish tinge, others are loose and woolly The 
medium is disrupted by gas formation. On blood agar the colonies arc sur- 
rounded by hemolytic zones Gelatin is liquefied Broth supports a potir 
growth, most of which sediments to the bottom Litmus milk is reduced but 
not coagulated Coagulated blood serum and egg albumin are not liquefied 
There is good growth in cooked-mcat medium The meat fragments become 
reddish in color and a rancid smell is emitted Acid and gas arc formed from 
dextrose, levulose, maltose, xylose, starch, and glycerol Lactose, sucrose, man- 
nitol, dulcitol, inulin, and salicin are not fermented A toxin which is more 
potent than those of most of the tissuc-invading anaerobes is formed. 

Pathogenicity. Cl novyt is pathogenic, by inoculation, for a wide variety of 
species of animals, and naturally occurring cases have been found in many 
species The horse, cow, sheep, goat, pig, dog, cat, guinea pig, rabbit, white 
rat, white mouse, and fowls are susceptible. Guinea pigs inoculated subcutane- 
ously die in from 24 to 48 hours At the injection spot there is edema extend- 
ing into the intermuscular connective tissue. The muscles are dark red in color 
There may be a little gas present. In the abdominal cavity there usually is 
considerable clear fluid which coagulates upon exposure to air. 
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This organism is occasionally found as the cause of malignant edema in 
cattle and sheep The condition begins in a wound and cannot be distin- 
guished from that caused by Cl sepucum without a bacteriological examina- 
tion In Australia two peculiar diseases of sheep are attributed to this organism. 
One IS known as “swelled head” or “big head," a condition seen in young 
Merino rams, rarely in older males or females of any age (i) It is believed to 
be due to infection of head wounds obtained in fighting An infiltration of the 
tissues of the head and often the neck and brisket with a gelatinous, non- 
gaseoiis fluid occurs Death occurs in practically 100 per cent of the cases The 
other disease has been given the name of “black disease,” and this has been 
reported from Europe as well as Australia The most characteristic lesion in 
this disease is necrosis of the liver The extensive hemorrhages seen on the 
inner surfaces of the hides gave origin to the name “black disease ” Affected 
animals almost always die, usually within a few hours after showing the first 
symptoms Turner (4) showed that this tliscase developed only in regions 
where the liver fluke abounded, and that the organism multiplies in parts of 
the liver damaged by the fluke Wardle (5) reports that excellent progress in 
bringing the disease under control has been achieved by campaigns aimed at 
eradicating the fluke through destruction of the snail which is the intermedi- 
ate host 

Black disease has been found tn a number of countries other than Australia, 
including New Zealand, Germanv, Roumania, France, Chile, and the United 
States It probably occurs wherever the sheep liver fluke occurs 

Immunity. It is possible to prepare highly potent antitoxin by immunizing 
animals against culture filtrates, and such antitoxins have been used prophy- 
lactically in dealing with lacerated wounds of man in which there is great 
danger of gas gangrene infection. Such scrums are of little value in animals 
because the disease progresses tot) rapidly to make any kind of specific treat- 
ment possible 

Turner (4) had very good results in prophylactically immunizing sheep in 
"black disease” districts with formolized whole broth cultures Several doses 
are needed to give the necessary degree of immunity Tunnicliff and Marsh (3) 
used an alum precipitated toxoid given in a single dose of 5 cc and found that 
It protected sheep against toxin, and against the natural disease which occurs 
in the Bitter Root Valley in Montana 
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CLOSTRIDIUM PERFRINGENS 

Synonyms Clostridium welchn. Bacillus aerogenes capsulatui. Bacillus 

phlegmoms emphysematosae, the Welch bacillus, the gas bacillus. 

This organism was first isolated and described by Welch and Nultall (ii) 
from a decomposing human cadaver m which the tissues were g.iseous It 
was named by them Bacillus aerogenes capsulatus, a term which docs not 
conform to accepted rules of nomenclature and therefore is inv.ilici The name 
Baalltis perfnngens was given the organism by Vcillon .iiid Zuher (10) in 
1898 In 1900 Migula termed it Bacillus welchn, the name by which it is best 
known to American workers, however, V'cillon and Zuher’s name seems 
clearly to have precedence, hence it will be used here This name is used in 
the last edition of Bergey's manual but is not used by many American authors. 
The name “Welch bacillus" probably will continue to be used even if the for- 
mal name is divorced from Welch's name since it is pretty well intrenched 

Cl perjrmgens is widc-sprcad m the soil and is found in the alimentary 
tract of nearly all species of warm-blooded animals It is frct|uently found as 
a postmortem invader from the alimentary tract in the tissues of bloating 
cadavers of man and animals. For this reason some caution is necessary in 
drawing conclusions based upon the presence ol the organism m the tissues 
collected after death It is found more often m the so-called “g.is gangrene” 
infections of man than any other organism, although it generally is associated 
with other species of anaerobes in these proeesses It is found also m maligna it 
edema-like infections of animals, particularly sheep Certain varieties of the 
organism, the L D bacillus (lamb dysentery bacillus). Bacillus paludis and 
B ovitoxicus produce fatal toxemias m sheep. 

Morphology and Staining Reactions. Cl perjringem oecurs as thick, straight- 
sided rods, generally singly and in pairs, seldom in chains The individual 
cells are about i/> micron in width and from 4 to 8 microns long The spores 
are oval and small enough that they cause little swelling of the rods Spores 
do not form in highly acid media, hence they are not apt to be found in media 
which contain fermentable carbohydrate Strains vary m their ability to sporu- 
late, m some cases it is difficult to find spores no matter what the nature of the 
culture medium In old cultures many queer forms may be found clubbed 
types, ballooned cells, and filaments Capsules are formed m tissues and in 
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some types of culture media There are no flagella; the organism is therefore 
non-mottle. Young cultures retain the Gram stain, older ones frequently de- 
colorize. 

Cultural Features. In deep agar, colonies are small and biconvex. If ferment- 
able sugar IS present the medium will be fragmented and even blown out of 
the tube by the abundance of gas formed If bicxxl is present it will be hemo- 
lyzed Sharp hemolytic zones are formed around colonies on plates. In broth 
there is excellent growth, the fluid becoming greatly clouded Gelatin is rap- 
idly liquefied Coagulated egg medium and Locflfler's blood serum are not 
liquefied There is good growth in cooked-meat medium with considerable gas 
formation The meat fragments are pinkish and not digested A sour odor 
is emitted A very characteristic reaction occurs in litmus milk — the “stormy” 
fermentation The milk quickly coagulates and the curd is fragmented by 
active gas formation Acid and gas are formed from dextrose, levulose, galac- 
tose, mannose, maltose, lactose, sucrose, xylose, trehalose, raflinose, starch, 
glycogen, and inositol. Some strains attack glycerol and tnulin 
Cl perfnngens is divisible into at least four toxicogenic types which Wils- 
don (12) has named A, B, C, and D Each type produces a toxin which is 
qualitatively different from the others, but the specific antitoxins often neu- 
tralize the toxins of some of the other types The A type which is the one found 
in human infections produces a toxin which is neutralized by antitoxins spe- 
cific for all other types, but its own antitoxin will neutralize only the homolo- 
gous toxin Type B antitoxin usually will neutralize the toxins of all four 
types. Type C that of A, B and C, and Type D that of A and D 
With relationship to the diseases produced the types are distributed as fol- 
lows 

Type A This IS usually found in human infections and not in animals 
Type B This type is usually found m the disease known as Iamb dysentery. 

It IS frequently called the L D bacillus 
Type C A type found m a disease of sheep in England and known as 
“struck ” The organism is also known under the name B paludts 
Type D. A type found in a common and destructive disease of sheep, de- 
scribed in Australia, New Zealand, Wales, and the United States. 
It IS known as “entero-toxemia," “pulpy kidney disease” and “over- 
eating.” The organism is also known under the name B ovt- 
toxteus 

In addition to differences in toxins there are minor cultural differences 
among these types. 
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Pathogenicity. There is great variation in pathogenicity between different 
strains Most will kill white mice, guinea pigs, and pigeons by inoculation. 
Rabbits are more resistant The lesions in inoculated animals are similar to 
those produced by O septtcum. 

LAMB DYSENTERY IS a disease which destroys many lambs during the first two 
weeks of life In many cases symptoms appear within a few hours after birth 
It is prevalent in the border country between England and Scotland, where 
It was first described by Gaiger and Dalhng (4) A disease which apparently 
IS the same was described in Montana by Tunniclifl (9) in 19;3. The disease 
consists of an enteritis. In some cases there may be extensive ulcerations In 
the diarrheal discharges and in the intestinal content Cl perjnngens, differing 
from the normal type in that it produces a powerful toxin, can be found. The 
organism does not ordinarily invade the tissues of the body but a potent toxin 
IS formed in the intestine and the absorption of this toxin accounts for the 
disease Affected lambs usually die within a few hours The L. D bacillus of 
Dalhng and associates differs from the classical Welch bacillus in that it lique- 
fies coagulated serum and clots an alkaline egg medium. Tunnicliff’s strain 
did not show these characteristics. 

“struck” is the local name for a disease of sheep which has been reported only 
from the Romney marsh in England and m North Wales Adult sheep are 
affected The stricken animals die so suddenly that the only symptoms are the 
death convulsions The mortality is very high If carcasses are examined im- 
mediately after death the only lesions are severe enteritis and peritonitis. If 
the examination is (postponed for a few hours, the muscles present the appear- 
ance of gas gangrene The Type C organism found in this disease is much 
more toxic than the other types. 

ENTERoToxEMM of shcep IS another disease which is as.sociatcd with a highly 
toxic intestinal content The situation is about like that of lamb dysentery 
except that the latter occurs only in very young lambs whereas this disease 
IS seen in older animals It was described first by Bennetts (i) in western 
Australia, but has been seen since in other countries including the United 
States Newsom and Thorp (8) say that this disease causes greater losses 
among feedlot lambs in Colorado than all other diseases combined. These 
authors call the disease “Over-eating.” They claim that the primary inciting 
cause IS overeating of too much concentrated food such as corn, barley, peas, 
and cane and say that losses can be stopped abruptly by withholding the grain 
ration for a day or two The intestinal content of affected lambs contains toxin 
of Type D. Filtrates of this material will kill laboratory animals and lambs 
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when injected parcnterally, and such animals can be protected from the fil- 
trates by administering antitoxin of Type B as well as Type D. 

PULPY KIDNEY DISEASE IS the name which Gill (5) applied to a disease of Iambs 
which he studied in New Zealand The disease is characterized by severe de- 
generation of the kidneys and is ascribed to Type D of this organism. The 
disease has been described in Wales. The relationship of this disease to entero- 
toxemia IS not clear Newsom and Thorp found sugar in the urine of their 
cases but do not mention the severe kidney damage which Gill described. 

Immunity. Dalling (3) has reported good results with two methods for 
controlling lamb dysentery One method is to immunize the ewes before lamb- 
ing time with a toxin-antitoxin mixture, or with formolized cultures Anti- 
Itodies are -then secreted in the first milk (colostrum) and these give adequate 
protection The second method is to inject antitoxin into the lambs as soon as 
they are born 

For preventing “struck,” McEwan (6) .idvises immunization with toxoid 
Bennetts (2) rejiorts success in immunizing sheep against enterotoxemia by 
vaccination with formolized whole cultures According to Newsom and Thorp, 
immunization is not necessary since the disease can be s.uis(actoriIy controlled 
by careful management to prevent the lambs from overeating. 
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CLOSTRIDIIIM HEMOLYTICUM 

Synonyms Clottndium hemolyucus hons, Baalliis hemolyttcns 

This organism is the cause of a disease of cattle, occasionally of sheep, com- 
monly known as “red water disease.” It is also known as “hemorrhagic dis- 



THE PATHOGENIC SPORE-BEARING ANAEROBIC BACTERIA 


301 

ease” and infectious icterohemoglobinuria One case in a hog has been de- 
scribed by Records and Huber (3). 

So far as is known the disease occurs only in rather restricted districts, espe- 
cially in the poorly drained mountain and valley pastures of the Sierra Nevada, 
Cascade, and Rocky Mountains in the western part of the United States It 
has been reported also in the delta parishes of Louisiana, in central Mexico, 
and in Chile The disease occurs principally during the summer and carlv fall 
months The organism was de- 
scribed by Vawter and Records (6) 
in 1926. The disease was first de- 
scribed by Meyer (2) in igi6, laier 
by Mack and Records (i) and by 
Records and Vawter (4) As a re- 
sult of the earlier studies it was be- 
lieved that the disease was caused 
by Cl. perfrtngens, but it is now 
known that this organism is merely 
a secondary or agonal invader 

Morphology and Staining Reac- 
tions. This organism is somewhat 
larger than most of the other tissuc- 
invading anaerobic bacilli It meas- 
ures from 10 to 13 microns in 
breadth and from 3 0 to 5 6 microns 
in length It has straight sides and rounded ends It occurs singly, as a rule, but 
may form short chains in tissues and cultures The spores are oval and are lo- 
cated subterminally They cause bulging of the cells in which they he. The 
cells are actively motile when young. Young cells arc Gram-positivc but when 
they are more than 24 hours old they rapidly lose their ability to retain this 
stain. 

Cultural Features. Deep agar colonies are lenticular at first, later becoming 
woolly Little or no gas is formed unless fermentable sugar is added to the 
medium When blood is present it is rapidly hemolyzed Gelatin is liquefied 
in from two to four days Coagulated serum and egg media are not softened 
01 liquefied Cooked-meat media and brain-media support gcxid growth but 
there is no digestion of the solids and no blackening unless iron salts are added 
Even in the presence of an abundance of iron salts the blackening is but 
slight. Milk IS not changed Dextrose and levulose are the only carbohydrates 
fermented. These are actively destroyed with the evolution of both acid and 
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Fk. 67 Clostridium hrmol)ticum Ba- 
cilli in the characteristic liver infarct A few 
of the orKanisms are beginning to form 
spores \ 900 (Courtesy of F tlwartl Records ) 
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gas Hydrogen sulphide is formed in targe amounts in liver media, and in 
media containing proteose-peptone. The methyl-red and Voges-Proskauer 
tests are negative, and nitrates are not reduced. 

A striking feature of this organism is the powerful hemolytic toxin which 
It forms This toxin is the principal reason for the great pathogenicity which it 
exhibits. The hemolytic toxin is rather unstable and reaches its greatest con- 
centration in cultures within \(t hours, after which it rapidly disappears. 
A second toxin having necrotizing properties is present in cultures. This 
substance is present in young cultures but it is most marked in older cul- 
tures 

This organism is rather exacting in its cultural requirements Good anaero- 
bic conditions are necessary, and the media must contain tryptophane for op- 
timum growth and toxin-formation. Vawter and Records depend principally 
upon a peptic, liver-digest medium in their work 

Pathogenicity 

THE NATURAL oisEASF The discasc presents a quite uniform picture which is 
readily recognized by those who have had experience with it Appetite, rumi- 
nation, lactation, and bowel movement suddenly cease and the afflicted animal 
stands apart from the rest of the herd, presenting the picture of an acutely ill 
animal The back is arched, the abdomen tucked up, and it is difficult to make 
the animal move Breathing is shdiow, and there is grunting with each step 
The temperature vanes from 104® to rod® C in the early st.iges but becomes 
subnormal lieforc death T he feces become deeply bile-slained or bloody The 
urine is a dark red or port wine color, clear but foamy Tbe color is due to 
large amounts of hemoglobin There arc no intact erythrocytes in the urine. 
Sugar IS .absent but albumin tests arc strongly positive 

At the time when hemoglobinuria appears, as much as 40 to 50 per cent of 
all of the erythrocytes of the body h.ivc been destroyed The red cell count 
at this lime may not be greater than two millions per cubic millimeter and 
the hemoglobin readings may be as low as 5 5 gms per 100 cc of blood The 
leucocyte count increases, sometimes to as high as 4o,(X)U per cu mm Death is 
due to anoxemia because of the wholesale destruction of erythrocytes. The 
mortality is high, varying from 90 to 95 per cent in untreated animals. 

The most characteristic lesion is the large infarct which always is found in 
the liver This is a mass of necrotic tissue, varying from 5 to 20 centimeters in 
diameter, often mottled, and usually lighter in color than the normal liver 
tissue. This lesion may be located in any part of the organ The lesion is formed 
as a result of an occluding thrombosis of one of the branches of the portal vein. 
The tissue has undergone coagulation necrosis. In the sinusoids of these areas 
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large numbers of large rod-shaped bacteria containing subterminal or termi- 
nal spores may be seen. 

Extensive hemorrhages are found on the serous membranes, in the subcu- 
taneous connective tissue, and in the substance of the visceral organs Acute 



Fig 68 Massi\e Infarcl in a liovint Liier Caused by Infctiion will) Clostridium 
hemolyticiim This lesion is characteristic of the “red-water" disease of cattle (Courtesy 
of Edward Records ) 


degenerative changes occur in the organs, and the peritoneal and pleural 
cavities usually contain large quantiues of hemoglobin-stained transudates. 
Besides the subserous hemorrhages which regularly occur in the intestinal 
wall, there is a severe hemorrhagic enteriiis, the mucous membrane often 
being practically wholly undermined with extensive hemorrhage. 

THE EXPERIMENTAL DISEASE Vawtcr and Records (7) readily killed cattle by 
inoculating them with pure cultures of Cl. hemolyticum, the animals dying 




THE PATHOGENIC BACTERIA 


304 

With typical symptoms within 36 hours The lesions in such animals are 
typical except that the liver infarcts are absent Repeated attempts to produce 
the disease by feeding large amounts of the pure cultures have failed. Records 
and Vawter (5) fed encysted cercariae of the liver fluke to young cattle and 
followed the feedings with large amounts of pure culture of Cl hemolyttcum, 
thinking that fluke invasion might pave the way for the entrance of the or- 
ganism, but the experiments failed even though the flukes invaded the liver 
tissue of all the experimental animals The mode of natural transmission of 
this disease therefore is unknown. 

Rabbits and guinea pigs may be readily killed by toxin-containing cultures. 
Subcutaneous injection leads to the formation of a hemorrhagic, edematous 
area at the point of inoculation with little or no gas formation Intravenous 
inoculation of rabbits usually leads to death in from two to four hours with 
great blood destruction and hemoglobinuria 

Immunity. Records and Vawter (7) developed an immune serum which 
proved highly effective in protecting animals against artificial inoculation of 
otherwise fatal doses of culture 1 his scrum also exhibited considerable cura- 
tive power when given in large doses to animals which were just beginning 
to show hemoglobinuria and before the temperature receded to subnormal. 
The same workers developed a phenoli/ed whole-culture vaccine, and a glyc- 
erinatcd vaccine which served to protect quite well Recently they have de- 
veloped an imprtivetl, formolized bactcrin, adsorbed on aluminum hydroxide, 
which they claim to be especially successful This vaccine protects for a full 
pasture season and often for a full year 
Sertilogic studies by Vawter and Records (8) indicate that all strains of 
Cl hemolytictim, with one exception, are uniform in composition. Their 
studies dealt with .agglutinins and toxin neutralization. No antigenic rela- 
tionship with any of the other pathogenic anaerobes was found 
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DIFFERENTIATION OF THE TISSUE-INVADING SPORE-BEARING ANAEROBES 

The spore-bearing anaerobic bacteria which produce phlegmonous condi- 
tions in animals are not always easily identified, since they are similar in their 
morphology, cultural features, and often in pathogenicity. In addition to those 
which have been described and which arc the most important ones, a great 
many other species have been described and arc often encountered in animal 
infections The following table gives the more important cultural character- 
istics of the anaerobic bacteria which commonly infect .iiiimals. 
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CHAPTER XXV 


THE PATHOGENIC NON-SPORE-BEARING 
ANAEROBIC BACTERIA 


Our knowledge of the non-spore-beanng obligate anaerobes is very frag- 
mentary and their classification is very confused and certain to be changed 
as more information about them is acquired A number of anaerobic strepto- 
cocci have been described, usually from ilistase processes 1 he organism of 
true actinomycosis of cattle and man is at least partially anaerobic Gram- 
negative, non-sporc-bcaring bacilli arc present in the intestinal canal of man 
and animals, often in large numbers (Classified in Genus Bacteroidd). 
Whether these have anv role in pathology is unknown. Certain long organ- 
isms with tapering ends occur in the human mouth and often are associated 
with troublesome inflammations These are sporeless and are strictly anaer- 
obic (Genus Fuiijormu) Many spirochetes are anaerobic and non-spore- 
beanng 

ACTINOMYCI-S NtCROPHORUS 

Synonyms Bacillus diphthenat vitiilorum, Streptothnx cuntctilt, Coryne- 
bactenum necrophoi tun , Cladolhiix ctinicidi, Baclernim necrophorum, 
the calf diphtheria b.icillus, the necrosis bacillus 

The classification of this organism is questionable It certainly has few of 
the characlcrisiics of the other members of the Aitmomyces, and therefore 
should not be placed there Topley and Wilson place it in the genus Fust- 
formis T his is more logical, but according to definition, it could belong also 
to the genus Bacteioide* Not being certain of its proper classification, it 
seems best to leave it where it is for the present, inappropriate though the 
present classification is, rather than to complicate matters still further by 
assigning it elsewhere from whence it is likely to be moved as more informa- 
tion about It IS accumulated 

Morphology and Staining Reactions. In infected tissues this organism is 
ordinarily seen in the form of long filaments, but shorter elements and even 
coccoid forms occur The rods arc about i micron in width and may be in 
excess of loo microns in length In some cultures swollen rods are seen which 
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may be nearly twice as thick as the usual forms Freshly isolated strains grow- 
ing in cooked-meat medium usually show a predominance of long filaments. 
The sides of these filaments are parallel and regular, and are either straight 
or form sweeping curves. After prolonged artificial culture the predominating 
forms usually are short. Very young cultures stain uniformly as a rule but the 
filaments in cultures older than 24 hours usually are vacuolated, that is, the 
stained portions are separated by [xntions which are almost or quite free of 
stain The irregular distribution 
of cytoplasm along the filaments 
can easily be seen in unstained 
preparations Some early au- 
thors have described branching 
but most of those who have 
studied this organism .igrce that 
It does not branch. Fl.igella have 
not been demonstrated and mo- 
tility is absent Ordinary elves 
stain young cultures readily 
The organism is always Gram- 
negative 

Cultural Features. The necro- 
sis bacillus IS very sensitive to 
oxygen and uneier usual condi- 
tions growth does not ticcur un- 
less good anaerobic conditions 
are obtained (7) Beveridge (2) 
claims, however, that growth occurs readily when the organism is grown in 
association with staphylococci, and that surface colonies on solid media which 
are well started anaerobically will continue to increase in size when incubated 
aerobically It is difficult to obtain primary growths on solid media incubated 
in anaerobic jars because exposure to air damages the cells so they frequently 
will not grow, the damage coming about before anaerobic conditions are es- 
tablished 

Growth in ordinary media is poor and frequently fads entirely. Ordinary 
agar, gelatin, and broth, for instance, are not suitable media for this organism. 
When enriched with scrum or blood, they become suitable, but cultures 
quickly die out Growth in litmus milk usually fails unless peptone or serum 
IS added. Cooked-meat medium or liver-brain medium are very favorable and 
are recommended for isolations. Even in these media cultures die out m most 
cases within one or two weeks, although occasionally a strain will remain 



l-iG 69 4cttnomycrs necrophorus Lung Ab- 
scess, C::alf TIic long filaments with irregular 
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Viable for several months Tunnicliff (13) reports that a liver-brain medium 
to which calcium carbonate is added will retain viability for a year or more. 
Under favorable conditions acid and gas arc formed from dextrose, lactose, 
sucrose, maltose, and sahein The amount of acid formed is not great and gas 
formation is limited. In cooLcd-meat medium, covered with a vaspar seal 
(petrolatum and paraffin equal parts) a large bubble of gas is regularly 
formed. Hemolysis of horse blcxid occurs Serum gelatin is not liquefied and 
co.igulated serum is not digested In clear solid media, colonies are fuzzy 
when the medium is fairly soft and dense when it is more solid. 

Natural Habitat. This organism has been found in the cecum of apparently 
normal swine (i) and it is likely that it exists in the alimentary canals of 
other species of animals. Infections in animals generally occur when they 
are kept in filthy surroundings, especially when there are accumulations of 
manure under frxit It does not seem likely that the organism could multiply 
outside of the body but it undoubtedly remains viable in soil for short periods 
of time M.irsh .ind Tunnicliff (9) were able to demonstrate the organism in 
a wet pasture ten months after sheep affected with foot rot had run on it, but 
they could not demonstrate it after a second ten-month period. Under these 
conditions, which apparently were unusually favorable, the organism was 
able to survive through one winter in the rigorous climate of Montana. 

Pathogenicity 

i-OR experimental ammau Progressive disease is produced in rabbits and 
white mice by subcutaneous in|cction of pure cultures Guinea pigs are mure 
resistant, but local lesions may develop The rabbit is the most satisfactory 
animal for diagnostic use If the material injected is contaminated with many 
other bacteria, as it is when taken from an intestinal ulcer, for example, it is 
best to introduce a small bit of dry material from the depths of the lesions 
into a small subcutaneous pocket, rather than to inject it ground up and 
suspended in a fluid Injection with considerable fluid seems to favor the con- 
taminating organisms, whereas the necrosis bacillus thrives better when it 1$ 
not unduly exposed to air, as in grinding, and the dryness seems to retard 
the other pathogens present At the point of inoculation a spreading subcu- 
taneous necrosis occurs and the rabbit rapidly loses weight The rabbit usually 
dies in from 4 to 7 days in a greatly emaciated condition The autopsy exami- 
nation in these cases usually reveals no lesions in the internal organs. Ex- 
tending for a consider.tble distance from the inoculation point, a pasty, whit- 
ish, necrotic material is seen At its lower points there usually 1$ considerable 
edema Bits of this material smeared on slides and stained with dilute fuchsin 
generally shows many filamentous forms, mixed with any other organisms 
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that may have been present in the inoculum Pure cultures can seldom be 
obtained from the local lesions when badly contaminated material has been 
used for inoculation, but if cultures are made from the heart blood, liver, 
spleen, and kidneys in cooked-meat medium, quite often one or two of the 
cultures will prove to be pure Some strains are less virulent for rabbits and 
the animals may live for two weeks or longer In these cases, necrotic areas 
usually are found in some of the internal organs, in the heart muscle, the 
lungs, liver, or kidneys, and pure cultures are readily obtained from them. 
Intravenous inoculation of cultures usually kills in from a few days to two 
or three weeks, depending upon the dosage and the virulence of the strain 
Multiple necrotic areas are then found m the internal organs Sometimes a 
fibrinous pleuntis or pericarditis is found Inflammation of one or more joints 
is observed occasionally 

Natural Infections. Act necrophorus is found in assiKiation with a wide 
variety of lesions in horses, cattle, sheep, swine, and some birds It ha' been 
found also in many wild animals such as reindeer, antelope, biilTalo, monkeys, 
and even in several species of cold-bloodtd anim.ds It has been reported a 
number of times in man but there is some question about the identity of the 
human cultures and the necrosis bacillus of animals Carnivorous animals 
appear to be highly resistant to this organism 
The role of this organism in many of ihe pathological processes with which 
It IS associated, and of which it has been regarded in the past as the etiological 
agent, is not clear This organism at one lime was regarded as the cause of 
necrotic enteritis of swine but Murr.iy, Bitster, Purwiri, and McNutt (lo) 
have demonstrated that Act necrophotus, although practically always present 
in the lesions, is not capable alone of producing the dise.ise, but ihai it could 
be reproduced regularly by feeding cultures of Bact choleracsws In the cx- 
experimentally-produced cases the typical ulcers were produced and Act. ne- 
crophorus was present in them, proving that the latter existed in the intestine 
as a saprophyte and took part in the ulcerating process only when another 
organism had initiated the process Act necrophorus has long been regarded 
as the causative agent of foot-rot in sheep, a contagious disease which causes 
heavy losses in some sheep-raising countries. Recently Beveridge (3) work- 
ing in Australia has challenged this idea and has brought forth convincing 
evidence that the necrosis bacillus is not the primary agent It has long been 
known that Act necrophorus often appeared in the ulcers following the rup- 
ture of the vesicles of foot and mouth disease in cattle, and of the vesicles of 
contagious ecthyma of sheep The evidence appears to indicate that this organ- 
ism has little or no ability to invade normal mucous membranes or the skin 
but frequently thrives in wounds of the surfaces produced by mechanical 
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ui)ury or bacterial action On the other hand, such lesions as the characteristic 
liver abscesses of cattle usually present pure cultures of Actinomyces ne- 
crophorus and the organism may be seen in numbers at the margins of the 
necrotic areas, hence it can hardly be looked upon as a purely saprophytic 
type 

The diseases in which this organism appears prominently are known under 
the collective name of necrobacillotes Necrobacillosis of horses usually takes 
the form of a gangrenous dermatitis of the feet and lower parts of the legs, 
and occasionally as a necrotic pneumonia In c.uile the lesions may be found 
in various pans The common “foot-rot” or “fouls” is thought to be caused 
by It Infections of the mouth and pharynx of calves (ealf diphtheria) is an 
especially malignant form of the disease Lesions are often found in the 
liver as firm, dry, sharply eircumscribed areas of a light yellow color, and 
sometimes as well-encapsulated abscesses In the latter instances other bacteria 
usually arc present as well as the necrosis bacillus, in the former type, it 
usually IS present in pure culture Lesions not infrequently appear on the skin, 
especially the skin of the udder and teats Uterine infections arc not infre- 
quent and ulceration of the mueosa of the abomasum is often ascribed to this 
bacillus In sheep the diseases known as lip and leg ulceration, and foot-rot 
have been attributed to Act necrophorttf but Beveridge has apparently shown 
that this accus.itiun is f.ilse In swine it has been regarded as the causative 
agent of a common disease known as ulcerative stom.ititis (sore-mouth) and 
the eondition known as “bull-nose' in whieh there is an infection of the sub- 
cutaneous tissues of the face frequently originating in the wound made by 
the placing of a ring in the nose The organism also has been reported as a 
secondary invader in the virus disease of chiekens known as avian diphtheria 
(fowl pox) 

Internal lesions caused by pure infeetions with this organism usually 
are firm ycllowish-whuc, tumor-hke nodules consisting of tissues which 
have undergone caseation necrosis The cut surface is dry and very firm 
Around the younger lesions there may be inflammatory zones In sections 
made of these lesions the specific organism frequently can be seen as long 
filaments lying in parallel bundles and radiating outward from the center 
of the lesion The organism cannot always be demonstrated microscopi- 
cally in the older lesions but cultures usually succeed These lesions are prac- 
tically never encapsulated. When the infection occurs on the surface of the 
skin or mucous membranes, the lesions are characterized by dry whitish 
patches, consisting of necrotic material, which extend deep into the underly- 
ing tissues. Usually a foul odor is present Often abscesses are found in the 
internal organs in which the necrosis bacillus is associated with other bac- 
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tcna In these instances the pus may he fluid or thick, and always mal- 
odorous Such lesions usually have a thick fibrous capsule around them. 

Toxin Formation. The fact that rabbits usually die after great emacia- 
tion when the only lesion is a comparatively small subcutaneous area of 
necrosis has led most workers to conclude that this organism produces an 
exotoxin Filtrates of cultures, however, exhibit very little toxicity. A mild 
inflammatory lesion may be produced in rabbns by subcutaneous injection 
of filtrates, hence it is probable that the poisonous property is endotoxic in 
nature That endotoxins exist in the b.icilli cannot be doubted, since heat- 
killed cells will cause inflammation and necrosis when injected intradermally 
into rabbits The endotoxic substance is strongly heat-stable 

Immunity. All attempts to prtxluce immunity to this organism have failed 
Cultures killed by heat, phenol, or formalin may prolong the life of treated 
rabbits for a day or two, but doses of sultures which kill the controls will 
also kill the treated animals Antibtxlics in low titer may be produced by in- 
jecting repe.itcd doses of killed culture According to Feldman, Hester, and 
Wherry (6) there is no evidence to indicate that different animal species suffer 
from distinct strains of this organism These workers found that agglutinins 
were present for Act necrophorut in the bUxid strum of a large percentage of 
normaliy-appeariiig horses, cattle, sheep, and swine, but that they were absent 
from the sera of calves, lambs, r.ibbits, and human betngs They conclude 
th.it the agglutination test for the detection of obscure lesions of nccrobacillosis 
in mature horses, cattle, sheep, and swine is useless 

Human Infections. A number of cases of human infections ascribed to the 
necrosis bacilltis have appeared in the literature The earlier reports dealt 
with local infections some of which were in persons working with the animal 
disease jbchmorl (u)J L.tter ones were casts of purulent pneumonia (12), 
of deep-spreading .ibsctsses (4), of ulterative eolitis (5), and infections of 
the uterus (8) The cultural features of the organisms indicate that they are 
closely related to Act necrophortis 111 all cases and in some instances they ap- 
peared to be identical Dack and his associates (5) have called attention to the 
close relationship of the organism known as Bacteroides jundultjormis to Act 
necrophorus It is evident that these organisms are sufficiently similar that they 
ought to be classified together 
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ACTINOMYCES NODOSUS 
Synonym Fusiformit no<iofu< 

This organism w.is dcstribed by Beveridge (2) in 1941 He regards it as the 
c.iuse of “f(K)t-rot" of slutp The work was done in Australia but he also ex- 
amined material in the United States and found that the conditions m the 
iwo countries were the same The organisms isolated in Australia were sero- 
logically related to a strain isolalcil in the United States 
Accortling to Beveridge, two organisms usually predominate over all others 
in cases of foot-rot One is a spiral organism which had previously been found 
and described by the author in 1956 (i) and the other a motile fusiform bacil- 
lus Both of these organisms were obtained in pure culture and with them at- 
tempts were made to reproduce the disease by introducing them into scarified 
areas on the feet of sheep Foot-rot was not produced in this way Less abun- 
dant in the foot-rot lesions but usu.illy present was Actinomycei necrophortts 
Many attempts to produce f(Kit-rot with this organism .also failed Rather 
scarce in stained films of the lesions was a fourth organism, a large. Gram- 
negative, non-motile bacillus with clubbed ends With pure cultures of this 
organism rather mild casts of foot-rot were produced by inoculation Typical 
foot-rot was re.idilv produced when animals were inoculated with the large 
non-motile bacillus and the spirochete The non-motile bacillus {^Act no- 
dosus) therefore is regarded as the primary cause of the disease with the 
spirochete {Sp penortha) as an accessory factor The role of the motile fusi- 
form bacillus in the lesions is not clear. 

Morphology and Staining Reactions. The organism is a large, rod-shaped 
bacterium characterized by the presence of terminal enlargements, usually at 
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both ends. These enlargements are more pronounced in organisms seen in 
tissue smears than in those developing in culture The rods usually are straight 
but may be slightly curved They are from o 6 m o 8 microns in diameter and 
from 3 to lo microns m length, although few arc more ih.iti 6 microns long 
In cultures the organisms tend to be shorter anil in old cultures they may 
even be coccoid in form It is non-moiile and does not form spores or capsules 
It stains readily with all ordinary dyes It is Gram-ntg.itivc and non-acid- 
fast Organisms stained with methylene blue often show one or several meta- 
chromatic granules, usually located at the ends of the rod. 

Cultural Features. The organism is an obligate anacrohc Growth is en- 
hanced when 5 to lo per cent or more ol carlmn dioMile is introduced into the 
anaerobic culture jar Growth occurs best .it 57° C At room temperature very 
slow growth occurs Cultures grow liest in neutral or alkaline media 

Practically no growth is obtained on any of the ordinary media unless horse 
serum is added to them in a projiorlion of 10 per cent Not all lols ol horse 
serum prove satisfactory, and sheep scrum not only f.nled to promote growth 
but actually inhibited it in the presence of horse scrum Rabbit and cow serum 
were not satisfactory 

Best growth was obtained on “V-F' agar, winch is a peptic digest of 
beef muscle and liver Veal infusion media were not virv f.ivorahle even 
when horse scrum had been added Growth did not occur on inspissated 
horse serum or egg medium Growth was never luMinaiit in any fluid 
media, and ordinary tvpes even with serum .iddcd oltcn f.nled to promote 
growth 

On “V-F” .igar pLitcs containing horse serum and o i cystcin-hydrochloride 
as a reducing agent, surf ice colonics arc obtained These are generally of a 
smcKith surface, develop up to a diameter of 1 mm , and usually he in sm.ill 
“etched” depressions in the .ngar surface If blcMid is addeel to the medium in- 
stead of serum, no hemolysis is observed Hcasy inocula often will cause 
curdling of milk after several days’ incubation without change in reaction, and 
later the curd is digested In ccKikcd-mcat media the fr.igmrnts are partially 
digested In old cultures tyrosine crystals are formed None of the ordinary 
carbohydrates are fermented Nitrates are not reduced but hydrogen sulphide 
IS formed 

Natural Habitat. Act. nodosus has been found only in the lesions of foot- 
rot of sheep Since it has been shown that foot-rot virus will remain viru- 
lent in pastures, even when continually moist, for only a few days it is un- 
likely that the organism can survive long in nature away from animal tissue. 
Beveridge claims that apparently recovered sheep often harbor small, incon- 
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spicuous lesions in which the organism will remain viable for months and 
believes that the disease is kept alive in flocks in such animals. 

Pathogenicity. Subcutaneous inoculation of sheep, rabbits, guinea pigs, and 
mice with large doses of the pure cultures of this organism produced nothing 
more than transitory local lesions When Sp penortha was added to the 
inoculum, the eflect was not materially changed. Only by inoculating the 
scarified skin around the margins of the claws of sheep were any significant 
lesions produced 

Toxin Formation. No evidence of any type of toxin was observed 

Immunity. Agglutinins were readily produced by rabbit immunization 
Antisera prepared with an American and an Australian strain cross-agglu- 
tinated but not completely Sheep affected with foot-rot failed to agglutinate 
these antigens even in low dilution This is ascribed to the raihcr superficial 
character of the lesions of the disease 
The naturally occurring disease confers little immunity An animal with 
one or two infected feet of long standing can be artificially infected on another 
foot Attempts by Hcvcridge to immunize sheep by vaccines of several kinds 
containing heat-killed cultures were not successful 1 he disease is successfully 
controlled in Australia by carefully examining the feet of all sheep at the be- 
ginning of the dry season, when the disease does not spread, and eliminating 
all of iliose that show evidences of the disease. 
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THE ACTINOBACILLUS GROUP 


This group contains three species which are quite dissimilar and which 
ought not to be classified together So far as is known, only one of them is of 
importance, the AcUnohactUus Itgnterest The ActtnobaalUis acunomycetam- 
comitan', has been found in association with the organism of actinomycosis 
in the lesions of that disease Its significance in the disease is unknown. The 
AcUnobacillus actmoule^ occurs in certain types of broncho-pneumonia in 
ealves and white rats, and jirobably plays a role in the caus.ition of some cases. 
These organisms are placed in the same genus by Bergey and that classifica- 
tion IS used to avoid further confusion Thompson (5) has called attention 
to certain resemblances between the organism of glanders {Malleomyces 
mallet) and ActtnahactUus Itgmeren and on this basis has proposed that the 
glanders organism be placed in this group 1 his suggestion has not been fol- 
lowed by other authors 

ACTINOBACILLUS LIGNIFRFSI 

This organism was first described by Ligniercs and Spii/ (2) (3) in 1902 It 
had been isolated from Argentine cattle sufleriiig from a disease which clin- 
ically resembles actinomycosis Later this disease was recognized in Eurojie 
(4) and in the United Slates (7) and is quite common Many continue to con- 
fuse It, however, with actinomycosis. 

Morphology and Staining Reactions. In the pus of the lesions of the disease 
the small rod-shaped organisms are encased in small cheese-like granules 
These are quite similar to the “sulphur granules” of actinomycosis but gener- 
ally they are much smaller, measuring less than i mm in diameter as a rule. 
If these granules arc picked out of the pus and crushed between slides, moder- 
ate magnification will show club-Iike btxlies radiating out from the centers 
of the masses Stains made from the crushed granules show small Gram- 
negative bacilli 

In cultures the organism exhibits considerable variation in morphology de- 
pending upon the medium used and whether surface or deep growth on solid 
media is examined. Diplococci and slender rods are seen in fluid cultures. 
Long curved forms often are seen in colonies growing in the depths of solid 
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Fig 7<) 'itttnnhanUus It^uunsi i lubbtaniiK ri>settcs m pus from a lymph node 
lesion Unsiaiiud x (Courtesy of L R Vawter ) 

Cultural Features. This organism is quite serophiln. .intl liillc growth occurs 
in most metlia unless a little scrum or blootl is present Also, it is quite strongly 

aerobic, to the extent that 
. j growth practically always fails 
'l under anaerobic conditions 

I 

^ On the other hand, primary 
I cultures in fluid media or in 
i stabs in solid media arc more 
apt to succeed than surface 
cultures Primary cultures suc- 
ceed best when the cultures 
are incubated in an atmos- 
phere consisting of lo per cent 
carbon dioxide 
In scrum-agar, delicate, nail- 

like growths appear along the 
Fio 71 Uunohatillus ligmeiesi From a cul- , r ,, - e c r 1 

ture on scrum afi ir incub.ied 24 hours at 37' C Surface col- 

X 900 (Courtesy ot L R Vawter ) onies are bluish-white and very 

delicate They are smooth, 
glistening, convex, and vary from 0 5 to « mm in diameter. There is good 
growth in scrum-gelatin but the medium is not liquefied Dextrose serum 
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broth usually shows a characteristic growth consisting of small grayish gran 
ules which adhere to the sides of the tube but are easily broken loose by shak 
ing The remainder of the broth is clear Litmus milk usually remains un 
changed after 30 days Sometimes it develops slight acidity Excellent growth 
occurs on coagulated blood serum The meilium is not softened or liquefied 
When dissolved in serum broth, dextrose, lactose, sucrose, maltose, raffinose, 
and mannitol are regularly fermented Xylose is iermcntid irregularly Arab 
inose, dulcitol, salicin, and inulin are not attacked Indol is formed in small 
amounts Cultures must be transferred at frequent intervals, otherwise they 
lose viability 

Pathogenicity. This organism is only slighily pathogenic for guinea pigs 
and rabbits and noi at all for rats and mice In guinea pigs which have been 
inoculated intraperitoiieally, a lo 
cali7ed peritonitis in the scrotal sac 
may occur not unlike the Strauss re- 
action caused by the glanders bacil- 
lus 

The natural disease in cattle is 
manifested most commonly by slow- 
ly developing tumors which may 
occur in any part of the body but 
are seen most frequently in the re- 
gion of the lower )aws and neck. 

These are hard and often lobular. 

Sooner or later softened areas be- 
come evident and these fluctuate 
upon pressure indicating the pres- 
ence of fluid, which IS, in reality, a 
mucoid, non-odorous pus Tins 
breaks through the skin creating a 
deep ulcer which will not heal In 
the meantime the tumorous mass 
usually continues to enlarge and ad- 
ditional ulcers may form A char 
acteristic form of this disease is the so<alled ’‘wooden tongue” of cattle In 
this disease the hard tumorous mass forms in the substance of the tongue 
causing serious disability Lesions in the internal organs, particularly of the 
lymphoid structures, the lungs, and the walls of the stomachs, are not un- 
common 

This disease often is confused with actinomycosis The true actinomycosis. 



Fig 72 Artinohacillosis Purulent focus 
in a case ol wooiicp ton^^uc ' The lesion 
consists prmcif>al)y of granulation tissue con 
taming such fcxi as is depicted here The 
rosette often is surrounded hy a number of 
giant cells, epithelioid cells, and polymorpho- 
nuclear leucocytes Stained with haematoxy 
Iin and er^sm x 400 
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which 1$ caused by the “ray fungus,” Act hovis, seldom occurs m the soft 
structures but is found mostly in the bone of the lower jaw 
Actinobactllosis is a relatively common disease of cattle m the western hemi- 
sphere. Usually It occurs as sporadic cases but occasionally small epizootics 
are seen. The mortality is not high, since the subcutaneous lesions yield readily 
to surgery if taken before they involve too much tissue Cases of “wooden 
tongue” are likely to prove fatal and such animals should be slaughtered as 
soon as the condition is recognized in order to realize the lieef value of the 
carcass before emaciation begins 

Several human infections with this organism have been reported The path- 
ogenicity for man ajiparentlv is not high 

Immunity. Magnusson found that .ill strains of this species isolated from 
cattle were serologically identical He believed that the .iggliitin.ition lest 
might prove useful in diagnosis but others have not been able to confirm this 
idea. 

There is no evidence that anim.ils may be sueecssfully iinmunucd to this 
disease, and no immunizing priKlueis art avaiiahle It is iiiieresting to note 
that this infection, like aetinomyeosis, is iodine sensitise and that local lesions 
may be successfully treated hy injeeting them with .in .iiiiieous solution of 
iodine (Lugol’s solution) For in.iccessible lesions, potassium iodide or sodium 
iodide may be administered intravcnouslv 
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ACTINOBACILLUS ACTINOMYCETAM-COMITANS 
Synonym Bacterium actinomvcctam-comitans 

This organism was first descrilied bv Klinger (3) in 1912, who found it in 
a case of human actinomycosis in association with the ray tungus Later Cole- 
brook (2) in England and Rivne-Jones (1) in the United States found the 
same organism associated with human actinomveosis Although human ac- 
tinomycosis IS caused by the same organism that so commonly affects cattle, 
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this organism has never been refiorted from cases of bovine actinomycosis. 
The significance of the organism in the disease is not clear. It has been claimed 
that when metastatic lesions are present 111 a patient, this organism can be 
found only in the primary lesions It is present in the interior of the “sulphur 
granules" and may be demonstrated there by a simple microscopic examina' 
tion of the crushed granules, as well as by cultural examinations 

Morphology and Stainmg Reactions. The organism occurs as cocco-bacilli 
or as rods i 0 to 1 5 microns long by 06 to 08 microns bro.id It is non-motile 
and Gram-negative 

Cultural Features. On dextrose .igar small, smooth, slightly yellowish, ad- 
herent colonics are formed Growth (Kcurs in gelatin along the stab but the 
medium is 1101 litjucfied When the gelatin is incubated at ^7“ C a character- 
istic growth appcMrs Grayish-whilc granules form along the sides of the fiilie 
and by fusion these eventually lorm a complete ring around the tube and a 
pellicle over the surface A similar ciTeet .ippears in broth cultures, but in this 
ease the fluid finally becomes turbid Growth does not occur in milk or on 
potato Acid IS fortneel from dextrose .mil lactose but there is no gas formation. 
Growth in all media is cnh.inccd by the addition of scrum 

Pathogenicity, hxcept when very large doses are used, this organism is non- 
pathogcnie for laboratory animals 
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ACTINOBACILLUS ACTINOIDES 

Synonym BactUns aciwoiilet, Actinomyces acUnoides. 

This very peculiar org.inism was found by Theobald Smith (2) in cases of 
calf pneumonia in 1917 It was described more fully in 1921 (3) Apparently 
it has not been observed by any other, except perhaps by Jones (i) who found 
a similar, if not lelentical, organism in a type of pneumonia commonly found 
in old white laboratory rats 

Moiphology and Staining Features. In tissues this organism usually appears 
as a slender rod In cultures it may be bacillary or crxrcoid Growing on media 
containing serum, the organisms usually are embedded in a non-stainable 
material resembling capsular substance Long filaments and coccoid elements 



THE PATHCX3ENIC BACTERIA 


320 

may be found in such masses When growing on blood agar, the capsular 
material is not formed and the organisms appear in the earlier stages as long 
granular rods Later the rtxis disappear and only coccoid elements are seen. 
It IS non-moiile and Gram-negative. 

Cultural Features. This organism is cultivated with difficulty and strains 
quickly die out Smith and Jones found ccMgulated horse serum slants, to 
which calf serum-water had been added, the most suitable medium When bits 
of the aflcitcd lung tissue were rubbed over the slant and then deposited in 
the serum-water at its base, growth was obtaineil The slants had to be sealed 
air-tight with sealing wax and mcub.ition had to be at 37° C The first evi- 
dence of growth was seen .is seiniillating flakes in the serum water after 
3 or 4 days These gradually enlarged, becoming mulbcrry-like masses in 
which crystals were embedded When these granules were crushed on a slide, 
magnifie.ition showed delicate filaments with club-likc bodies not unlike 
those of Adinobaitllui lignicresi 

Growth on the surface of the slants docs not ticcur at first but after several 
generations of growth some siiains develop tiny translucent colonies Smith 
did not succeed in obtaining growth tn broth, gelatin, milk, or potato 

Pathogenicity. Smith believed that this org.inism was the primary etiological 
agent in a certain type of pneumonia of calves, and Jones believed his organ- 
ism to be the e.iuse oi the r.u |ineutnunia Neither of these beliefs were sub- 
stantiated b) experimental evidence Cultures injtered into the tr.ichca of 
calves prixluced cireumseiibed areas of lung necrosis, and when injected sub- 
cutaneously, resulted in an indurated lesion which later became necrotic 
In calves the pncumonie pioecss bexomes clinically evident when the ani- 
mals are from two to three months of .ige. although it is obvious that it is a 
slow-moving pioccss which begins much earlier By the time pneumonic 
symptoms are evident, the lungs usually aie filled with abscesses from which 
jius lorming oiganisms, especially Coiynehacteiiinn pyogenes, may be iso- 
lated From such lesions it is imjiossible to isolate the organism which Smith 
believed to be the primary jvithogtnic agent 

Immunity. Nothing is known about immunity to this organism. 
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THE PATHOGENIC ACTINOMYCETES 


The actinomycetes are organisms rhat evidenily are somewhat higher in 
the evolutionary scale than the ordinary bacteria Usually they grow in the 
form of a much-branched mycelium In many forms this mycelium frequently 
breaks up into fragments which cannot be distinguislied from ordinary bac- 
teria Some have referred to them as the “Higher Bacteria ” Henrici, in dis- 
cussing the relationship of these forms to bacteria and molds mentions three 
possibilities (i) That they arc bacteria which have evolved into a higher 
form, (2) That they are molds which have dcgcnciatcd, (^) That they arc 
forms from which the bacteria have {ltvclo|ied by dcgcntration and the molds 
by evolution Some of the actinomycetes are acid-last and evidently are closely 
related to the acid-fast bacteria 

Large numbers of actinomycetes may be found in garden soil A few of 
these are, at times, pathogenic for man and anim.ils Other types have been 
found only in disease processes and evidently art obligatory parasites T he 
pathogenic forms produce low grade inflammatory reactions with a tendency 
to form nodules which undergo degeneration and suppuration in a manner 
quite like the lesions of tuberculosis Some ol the aclinomycclis have a tend- 
ency to grow in tissues in the form of colonics at the periphery of which 
club-like protuberances are seen. 

ACTINOMYCES BOVIS 

Synonyms Streptothnx actinomytes, Dtscomyces hovis, Nocardta hovts; 

Streptothnx laraeli, and others 

This organism is the cause of the common disease of cattle known as actino- 
mycosis or “lump )aw ” It also affects swine where the seat of localization is 
the mammary gland Human infections occasionally occur, the manifestation 
being similar to those in cattle 

It should be pointed out that conditions that resemble actinomycosis clini- 
cally, and arc often called actinomycosis, are due to other organisms particu- 
larly Actinobaallus Itgmeresi and Staphylococcus aureus The true actinomy- 
cosis of cattle usually is an affection of bony structures, particularly the 
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mandible (lower jaw) The condition known an “wooden tongue” which is 
commonly called actinomycosis really is actinobacillosis in nearly every in- 
stance. This IS true also of the subcutaneous nodules of the region of the jaw 
and neck, and the nodules which occasionally are found in the liver, lungs, 
and other internal organs Magnusson found that “actinomycosis” of the 
bovine udder was, in every instance, actinobacillosis, and in the sow, in about 
a third of his cases, staphylococcus infections 

Morphology and Staining Reactions. In the “suljiliur granules" in the tis- 
sues, Actinomyces hovis is seen as a tangled mass of filaments around the 



Flo 7^ Actinomyces boms Dipiuhcroiil forms m a culture on Ia)cfHer s blood scrum 
incubated for scscii days at 37° C under increased Ctls tension \ 900 (Courtesy ot 
L R V'aivler ) 

penjihery of which is a considerable mass of acidophilic cajisular material 
The filaments stain Gram-posttivelv, and also retain the usual basophilic 
stains When stains are made of crushed granules a great diversity of forms 
are seen, which leads one to think that he is dealing with a mixed infection. 
They are ccxicoid, rods of varying siite, filaments, branching forms, club- 
shaped forms, and spiral elements Actually all of these arc forms of the 
one organism. In cultures, the organism usually appears in the form of 
diphtheroid bacilli when young; older cultures may show filaments of all 
kinds. When grown in an atmosphere of carbon dioxide branching filaments 
and clubs are frequent. 

Cultural Features. Act hovis frequently is regarded as an obligate anaerobe. 
This conception is false. Growth cannot be obtained on the surface of solid 
media incubated in the air, but it may be obtained when the media are 
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enclosed in a tight vessel in which from 10 to 15 per cent carbon dioxide 
IS introduced When shake cultures are made in solid media, growth does not 
occur on the surface The tiptimum zone, in this case, is about i mm. below 
the surface, but scattered colonies usually are found throughout the depths of 
the medium Cultures sometimes will develop on the surface if the tubes are 
hermetically sealed, a proced- 
ure which results 111 an in- 
crease in the carbon dioxide 
content of the imprisoned air 
Act hovis IS a scrophilic or- 
uanism, 1 e , little or no growth 
can be obtained in ordinary 
media iinliss animal fluids are 
present It ilocs not grow at 
tempcr.it tires vciy much he- 
low those of the animal body 
In Slab cultures in scrum 
agar a nodular growth occurs 
along the lower parts of the 
st.ib '1 here is no growth on 
the surf, ice, nor in the upper 
cent mil. ter of the stab In 
sliakc cultuies small, biconvex 
colonics .ipptar tbroughoui the medium except in the upper layer Growth on 
serum .igar slants will occur only if the tubes are incubated in a carbon 
dioxule-cont nnmg atmos[)hcrc, or anaerobically 
The growth in scium broth is not abundant If incubated in the air the 
medium should be in tall columns and it should be heated shortly before the 
scrum IS added and inoculation is done The growth is in the form of granules 
which collect along the sides of the tube and in the bottom The fluid is clear 
except for the granules 

Loefller's blood seriiin slants are goexi for isolation providing they are in- 
cubated in a c.irbon dioxide ).ir Growth is evident after two or three days in 
the form tif fine colonies which may easily be scraped off of the medium After 
five or SIX days’ incubation at 37° C the colonics will have reached maximum 
size, which is about 0 5 mm in diameter The condensation water at the bot- 
tom of the slant usually contains excellent growth in the form of a slimy de- 
posit. 

On blood agar plates the colonies are small and non-hemolytic. 

Little growth occurs in milk unless serum is added to it In serum-milk 



Fig 74 /Ictwomyccs horns From a scrum 
broth culture intubated six days at 17° C Clubs, 
filaments and (li|>luheroid forms present xpoo 
(Courtesy of L R Vast ter) 
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medium there is little change in the appearance of the medium Sometimes 
there is bleaching of the litmus in the bottom of the tube 
No growth occurs in gelatin unless serum is added. Serum-gelatin is not 
liqucHcd. 

In serum<ontaining broth under a vaseline seal, dextrose, levulose, maltose, 
galactose, sucrose, and salicin are slowly fermented without gas formation 

Pathogenicity. Act hot/is is non-pathogenic for laboratory animals As a 
matter of fact, cattle cannot regularly lie infected by inoculation with ma- 
terial from lesions, or with cultures Magnusson (3) succeeded in eight in- 



Fio 75 /-Utinonnus hovis Clul>s ami rusettes m pui of a bone lesion Unstained 
X360 (Courlesv of L R Vawter) 

stances in a total of thirty-two attempts He succeeded twice in infecting 
swine; in one instance by in|ecting culture intti the mammary gland, in the 
other by injecting it into the testicle 

Actinomycotic lesions arc charactcri«d by the formation of a soft, granu- 
lomatous tissue After a time this tissue exhibits necrotic areas which break 
down into abscesses These abscesses then coalesce to form sinuses or fistulous 
tracts and at the same time the connective tissue hardens into dense masses or 
tumors. A tliick, mucoid, tenacious, greenish-yellow, non-odorous pus is char- 
acteristic of the disease The pus contains chcese-like granules varying in size 
up to 3 or 4 mm in diameter These arc the colonics of the organism, and are 
commonly called “sulphur” granules 

If these granules are examined in the fresh condition, simply by pressing a 
clean cover glass on them, the "ray-fungus” appearance can be easily dis- 
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cerned. This is the most rapid way to make a definite diagnosis. The borders 
of the crushed granules show radiating, swollen, club-hke filaments. The club- 
like forms are not seen m stained preparations of the pus as a general rule, 
but can be seen in histologic sections Apparently, the swollen filaments arc 



Fig 76 'Ictinomycis boius Branched filaments and coccoid Ixidics m actinomycotic 
pus X goo (Courtesy o£ L R Vawter ) 



Fio 77 Actinomyces hovts Rosettes in pus of a bone lesion Picro-fuchsin stain 
X 360 (Courtesy of L R Vawter ) 

the result of a mantle of capsular material, .md this material probably is pro- 
duced as a result of contact with the ussue fluids 
“Sulphur granules” are found in the pus of actinobacillosis, and also in 
those actinomycosis-like lesions which arc caused by staphylococci. Fresh im- 
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pression preparations show radiating, club-like forms, not unlike those of 
true actinomycosis The sulphur granules in the non-actinomycotic lesions 
usually arc much smaller than those of true actinomycosis, and frequently are 
so small that they are difficult to find on gross examination The granules may 
be differentiated, of course, by making stained preparations, when the mor- 
phology of the causative organisms can be determined true actinomycosis 
showing Gram-positivc elements, short rods, filaments and branching forms; 
actinobacillosis showing small Gram-negative rods; and staphvlococci show- 
ing their typical morphology When making such examinations it is well to 
select the granules from the pus, wash them, and crush them on clean slides. 
If the slide is made at random from the pus, it usually happens that no organ- 
isms at all will be found The granules usually can be obtained rather easily 
by placing stime of the pus in a tube of broth or salt solution, shaking the tube 
to dissolve the mucin which holds the pus together, pouring the solution into 
a flat dish and searching for the granules which do not break up 

Sources of Infection. It frccjucntly is stated that the organism of actinomy- 
cosis IS widespread in nature, occurring in the soil and on vegetation, and 
that animal infections are caused by iiqury of the mucosa of the mouth 

through which the organism en- 
ters Support for this theory is 
afforded by the observation that 
the incidence of this disease 
often IS high when cattle are 
fed upon very rough forage, and 
especially on barley straw in 
which sharp awns are fountl It 
IS not uncommon to find frag- 
ments of such awns buried 
deeply in actinomycotic tumors 
of the )aw. 

On the other hand, this or- 
ganism never has been isolated 
from soil or ai.tmal foodstuffs, 
and since it is rather delicate 
many have doubted that it could 
maintain itself outside of the 
animal body Recently, Em- 
mons (2), and Bibby and Knighton (i) have studied actinomycetes from the 
human mouth, some of which are very closely related, if not identical with. 
Act. bovts Such organisms have not been identified from the mouths of 



tic 78 Actinomycoiic Lesion Showing ro- 
settes embedded in pus in center of the lesion 
The greater part of the actinomycotic nodule 
consists of granulation tissue x 90 
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bovine animals, yet it is quite probable that this is the natural habitat of this 
species It formerly was said that the infection of the udder of sows came 
about from coarse vegetation which 
injured the low-hanging gland 
Magnusson doubts that this is the 
true explanation and suggests that 
the infection probably originates in 
the mouths of the suckling pigs and 
reaches the sow’s udder through 
teat injuries made by the sharp 
teeth of the pigs 

Immunity. No attempts have been 
made to immunize animals .igainst 
this organism, and there are no 
records <if attempts at diagnosis 
by serological means Magnusson 
found that agglutinins could be 
produced experimentally By this 
means he found that there were 
three serological types. A, B, and C 
Type A was charaeteristic of cattle. Band C of swine These types also showed 
some cultural dilferences 
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ACTINOMYCES FARCINICUS 

Synonyms Nocardta faicinica, Streptothrtx faramca, Streptothnx nocardii; 
Actmomyces nocardtt, and others. 

This organism is the causative agent of a disease of cattle which was first 
described in France under the name jaran-dc-boeuj (bovine farcy) (3). The 
disease is said to be enzootic on the island of Guadeloupe in the French West 
Indies It IS not known to exist in North America 

Morphology and Staining Reactions. Stained films show filaments varying 
in length and averaging perhaps 0 3 microns in width. Branching is frequently 
seen. The filaments easily break up into fragments, many of which resemble 
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bacilli. These elements are Gram-posmve and most of them retain the acid- 
fast stain. 

Cultural Features. The growth on solid media resembles that of many of 
the saprophytic actinomycetes which are so common in garden soil. Growth 
occurs readily on plain agar slants Small ragged colonics quickly coalesce to 
form a tough yellowish-white, dry pellicle which becomes wrinkled and pow- 
dery. The powdery appearance indicates that aerial hyphae are formed In 
broth, the growth occurs principally as whitish granules, although small is- 
lands of growth may appear on the surface Gelatin is not liquefied and milk 
IS not changed An abundant, dull ptlhcle forms on the surface of potato 
slants. No pigment is formed Growth is best at 37“ C. 

Pathogenicity. By inoculation this organism is pathogenic for cattle, sheep, 
and guinea pigs Musgravc and Clegg (2) produced miliary nodules in mon- 
keys. Other authors say that the monkey is not susceptible to inoculation. 

When inoculated intrapcritoneally into guinea pigs, the animal usually dies 
within to to 20 d.iys Autopsy shows general emaciation and numerous tuber- 
cle-like nodules scattered over the surface of the peritoneum When the inocu- 
lum IS administered intravenously, miliary nodules are formed in the lungs 
and the animal dies within one to two weeks, depending upon the size of the 
dose and the virulence of the strain Subcutaneous inoculation produces only 
an abscess 

Cattle and sheep are somewhat more resistant to inoculation than guinea 
pigs but death usually occurs after several weeks following intravenous inocu- 
lation. The animal becomes very emacuttcd before death, and the lungs are 
found to be riddled with myriads of small nodules 
The naturally occurring disease in cattle appears first as a chronic, in- 
durative lymphangitis and lymphadenitis of the subcutaneous tissues, usu- 
ally of one of the extremities, the lesions eventually breaking through the skin 
forming sinuses communicating with cold abscesses The disease is of long 
duration Eventually lung involvement generally occurs, the animal becomes 
emaciated, and death ensues Cultures arc easily obtained from the freshly 
opened nodules 

Immunity. There are no immunizing products Some affected animals re- 
act to tuberculin. 
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ACTINOMYCES ASTEROIDES 

Synonyms’ Cladothnx asterotdes, Streptothnx epptngeri. 

Eppinger (3), in 1890, isolated an acid-fast actinomycete from a brain ab- 
cess of a man who died of a generalized disease which resembled tuberculosis. 
Besides a purulent meningitis, there were caseated bronchial lymph nodes 
and miliary lesions of the lungs from which the organism was isolated. 
Perhaps 30 or 35 other human cases have been described in more recent years, 
but the cultural characters of the organisms isolated have not, in many cases, 
exactly agreed with those of Eppinger’s organism Henrici and Gardner (5) 
described such a case in 1921 and reviewed the literature up to that time For 
further details the reader is referred to their paper In 1933, Bishop and Fen- 
stcrmacher (i) described an organism belonging to this gcncr.il group which 
had been isolated from a tuberculous-hkc process in a cow 1 he organism was 
highly pathogenic for guinea pigs Earlier Burnett (2) h.id described two 
cases in bovine lungs which clearly were caused by members of this grou|i but 
since the organism was not isolated, ns sficcific characters were not learned 
Gordon and Hagan (4), in 1936, desciibcd several acid-fast actinomyeetes 
which had been isolated directly from soil and which proved to be pathogenic 
for guinea pigs, producing in them fatal infections in which the lungs were 
the principal organs involved. 
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THE SOIL ACTINOMYCETES 

Members of the actinomycete group are very common in soil, and a large 
number of species have been descrilicd Cxilonies may be found on almost any 
agar plate which has been exposed to the air and thereafter incubated for some 
days at room temperature, or which has been allowed to stand around in 
the laboratory The colonies arc several mill'mcters in diameter, are very con- 
vex, and appear to be resting in depressions in the agar surface They usually 
are chalky white, yellowish, or orange colored The chalky surface is due to 
the fact that these forms possess aerial hyphae which are too fine to be seen by 
the unaided eye Many of these species excrete a tyrosinase which results in 
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browning of the medium in the vicinity of the colonies Many of these colo- 
nies produce a strong penetrating rxior which is evident as soon as the plate 
IS o[Kned, and which is reminiscent of freshly ploughed ground 
A small proportion of these actinomycctes are acid-fast, and since they 
readily fragment, the elements cannot be distinguished svith certaintv from 
acid-fast bacilli 1 his fact should be remembered by those who are dealing 
with materials which may have been contaminated with soil Some of these 
forms have proven pathogenic for ex|x;rimcnial animals when cultures are 
inoculaitd, and it is possible, therefore, that occasional spont.incous animal 
infections may be due to such organisms. 



PART III 


BACTERIA-LIKE PATHOGENIC ORGANISMS 
OF UNCERTAIN CLASSIFICATION 




CHAPTER XXVIII 


THE SPIROCHETES 


The organisms known as the spirochetes stimctimes are grouped with the 
bacteria and sometimes with the proto2iua Probably because of their close 
resemblance to organisms that undoubtedly are bacteria, the spirilla, they now 
are generally regarded as bacteria If this is done it should be recognized that 
they possess a number of features which are seen in no other bacteria Some 
of the general characteristics of the group are as follows 

Morphology. The form is spiral In some species the spirals are tight, in oth- 
ers quite open and vari.ible Terminal filaments are seen in some forms but 
these dt) not behave like flagella When examining tissue fluids in the dark 
field, especially bltKid, for the presence of spirochetes, one must be very cau- 
tious in the interpretation of findings, inasmuch as mistakes can be very 
easily made even by experienced workers Filaments of elastic tissue, fibrin 
shreds and other artifacts often resemble spirochetes so closely as to deceive 
all but the most wary Such materi<iis even create the illusion of motility 

Staining Properties. Most of the spirochetes arc difficult to stain Few of 
the pathogenic species may be stained with methylene blue. All are Ciram- 
negative The Gicmsa stain is useful, some staining red, others blue 'I hose 
that stain blue generally arc saprophytes that can be stained with metbylene 
blue Fur demonstration in tissues, Lcvaditi's stain is most useful This stain 
contains silver nitrate After the tissue block h.is been saturated with the silver 
compound, it is treated with a reducing agent which removes the silver from 
the tissues and other bacteria but neit from the spirochetes These then are 
seen as intensely black organisms. The dark-field method of examination 
often IS used when searching for these organisms, since it is practically im- 
possible to see them unstained in ordinary light because of their extreme tenu- 
ousness India ink, nigrosin, and similar background-filling agents also are 
useful. 

Motility. The motility of spirochetes is derived from their rotatory motion 
In some species it is so rapid as to make it impossible to follow them with 
the eye Many spirochetes exhibit various bending movements which prob- 
ably have little to do with their movement of translation. 
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Resistance. In general the resistance of spirochetes is very low Drying is 
rapidly fatal Temperatures of 50 to 60° C generally kill within a short time. 
Resistance to chemical disinfectants is not great 

Cultivation. The spirochetes generally arc less easily cultivated than bacteria. 
Some, especially the Leptospira, can be cultivated without great difficulty but 
others require elaborate media and the results arc uncertain at best The ma- 
jority are strict an.ierobes Even the aerobic forms thrive best when the oxygen 
tension is lowered None can be cultivated upon the surface of solid media 
Either fluid media must be used, or the inoculum must be incorporated in 
the depths of solid media Growth of the pathogenic species practically always 
requires the presence of serum or other animal fluids 

Classification. Six families of spirtKhetcs are recognized The genera Spi- 
rochaeta and Saprospira include a number of siiceics .ill of which are free liv- 
ing and are relatively large Sjiecics of the genus C/istO\pira occur as para- 
sites of various molluses, principally oysters, miisseK, and scallops The 
species which art (lathogcnic for birds and mammals belong to one of 
three genera, Borreha, 1 reponcma, or Leptospna Members of the gentis 
Bonelia are relatively large forms with open, irregular coils which move 
by active l.ishing movements and slmv rotation 1 hese forms are readily 
stained by many of the aniline dyes which stain baetcri.i Members of the 
Treponema arc smaller, with close, rigid coils, and these do not stain readily 
with dyes other than the Gicmsa stain The I^ptospira resemble the Trepo- 
nema in th,ir they have close cods, but these are not rigid, the organism fre- 
ejuentlv stretching eiut into a straight filamentous form which relaxes into 
the cod once more A further characteristic feature of the Leptospira is the 
almost constant jircscnce tif a bend or hook at one or both ends of the org.in- 
ism Like the Treponemata, the species of this grouji are difficult to stain ex- 
cept with Giemsa’s stain 

The three genera which contain the species pathogenic for the higher ani- 
mals (Borreha, Treponema, and I^pto(pira) may be distinguished from the 
saprophytic groups by the fact that they may be readily dissolved by a 10 per 
cent bile solution The Treponema^ may be distinguished from the J^pto- 
sptras by the fact that they mav be dissohcd by a 10 per cent saponin solution 

With one exception, all of the spirochetes knowm to be pathogenic for man 
and the higher animals, occur in the genera Borreha and I,,epto<pira. The 
exception is Treponema palhda, the cause of syphilis of man, a disease which 
does not naturally affect any of the domestic animals but which may be trans- 
mitted by inoculation to the r.tbbit 

In Europe, India, Africa, and America a disease of man, known as relapsing 
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fever, occurs In the febrile paroxysms of this disease, members of the Bonelta 
can be demonstrated in the blood, and these organisms undoubtedly are the 
cause of the disease The organisms differ in the various localities, however, 
and the means of transmission differ In Europe, the common bed bug, Cimex 
lecttdartus, is the transmitting agent In India it is another species of bed bug. 
In Africa and America, ticks arc usually incriminated Rats and mtce usually 
can be infected by means of the agent which transmits the disease to man, and 
It IS evident that in some of these instances, rixlents and possibly other animal 
species constitute the reservoir from which human infections occur 

BOKRELIA THEILERI 

Synonyms Treponema theden, Spiroc/ieta theilei i 

This organism w.is found by Sir Arnold Ihcilcr (i) in the blood of South 
African cattle in iijoa It is a large, loosely twisted spir.il, measuring from 30 
to 30 microns in length The organism can be easily demonstrated in the 
blood during the febrile st.ige of the infection but it disappears Liter It is 
actively mottle Artificial cultivation of this organism has not been reported 
The disease produced apparently is quite benign 1 he symptoms resemble 
those of anaplasmosis but arc less severe One or more febrile attacks are fol- 
lowed by recovery Transmission is by the ticks, Margaropus deeolotatus and 
Rhipicephalus everUt 

The same, or at least a similar, organism has been found associated with 
febrile attacks in sheep and horses These diseases arc not serious 
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BORRELIA ANSERINA 

Synonyms Sptrochela anserina, Spirocheta galhnarum, Borrelia galltnarum, 
Sptronema galltnarum 

This organism was first described by Sakharoff (4), in Russia, as the cause 
of “goose septicemia” in ifkp It is probable that it is the same as the cause of 
“fowl spirochetosis” or “fowl spinllosis” which was recognized in Brazil by 
Marchoux and Salimbeni in 1903 The disease was found a little later in the 
Sudan in Africa. The spirochete of the chicken disease is regarded as a sepa- 
rate species by some under the name Borrelia galltnarum A similar disease 
has been rejxirted in ducks It seems likely that geese, chickens, and ducks are 
affected by the same species If this is the case the correct name of the organ- 
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ism, inappropriate as it may seem, is that which was first applied to the goose 
infection. 

The disease is manifested by symptoms of acute septicemia The affected 
birds develop fever, they are depressed, a profuse diarrhea occurs, and they 
soon die. The mortality rate is very high Autopsy examination reveals a 
swollen spleen, a pale and swollen liver, and a sero-fibrinous exudate in the 
pericardial sac During the early stages of the febrile reaction the spiral organ- 
isms can readily be found in the blood At the time of death they usually are 
absent, or abnormal or clumped forms may be found The disease is transmit- 
ted by ticks, generally Argus perstcus or Argils miniatus, occasionally by oth- 
ers. The fowl mite, Dermanysstts galUnue has also been suspected of being 
a transmitting agent 

Morphology and Staining Reactions. This is a loosely spiralled organism 
varying in length from 8 to 20 microns It is actively motile Older cells con- 
tain definite granules The Gram stain is ncg.iiive but ordinary aniline dyes 
stain the organism very well It can be seen best by dark field illumination, 
but the India ink method and the Lcvaditi stain are good methods of demon- 
strating It 

Cultural Features. Noguchi (;) succeeded in cultivating B ansenna by 
using the methods which ho had found to be successful with the relapsing 
fever spirochetes of man The medium consisted of a t.ill column of ascitic 
fluid containing a bit of sterile r.ibbit kidney, overlaid with paraffin oil A few 
drops of infected blood were used as the iniKulum, and the tubes were incu- 
bated at body temperauire In such tubes the spirochete grew rather rapidly 
for four or five days then appeared to disintegrate into granules Such cul- 
tures remained virulent for birds for several weeks 

Pathogenicity. The disease is easily transmitiesl to a variety of birds, includ- 
ing, besides the ones which suffer from the natural infection, guinea fowl, 
sparrows, and canaries Pigeons are quite resistant, rats and guinea pigs wholly 
so. The inoculation disease is quite like the naturally occurring ty)>e 

Immunity. Recovery from the disease leaves the bird refractory to further 
infection for a considerable period of time Gabritschewsky (i) found that 
the fresh serum of recovered geese caused disintegration and destruction of 
the spircKhetcs in a short time when incubated at 37° C This is similar to 
the action that goes on in the bltKid of the recovering bird The same worker 
found that immune horse serum was effective as a prophylactic agent but was 
ineffective when administered to birds in which the organism had begun to 
multiply. 
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Marchoux and Salcmbini (2) prepared an effective vaccine by heating the 
fresh blood of affected birds to 55° C. for five minutes They also found that 
the organism loses its virulence when stored in blood for 48 hours, and that 
such blood may be used as a vaccine Arsphenamme and its derivatives are 
used successfully in treating some of the relapsing fever infections of man. No 
record has been found of its use against this organism 
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LEFTOSPRA ICTEROHEMORRHAGIAE 
Synonyms Sptrocheta tcterohemorrhagiae 

This organism is the causative agent of a disease of man known variously 
as leptospirosis, leptospiral laundice, and Weil’s disease The disease is con- 
tracted by contact with rats or rat urine Surveys conducted in various parts 
of the world indicate that the infection of rats is very prevalent The disease 
ordinarily is sporadic except in situations where men come in intimate con- 
tact with rats as those who work in sewers, in rat infested mines, and in rat 
infested trenches m time of warfare The disease in rats is chronic, the prin- 
cipal scat of infection being the kidneys It is probable that most human in- 
fections occur through contact of the skin with fresh rat urine, with water, 
and less often with food contaminated in the same way. 

This organism can easily be transmitted by inoculation to dogs and foxes, 
and natural infections undoubtedly occur The human disease can be con- 
tracted from such animals. It appears that the majority of infections of dogs 
are caused, however, by a closely related species, l^ptosptra camcola, which 
will be described later As a matter of fact it is not entirely certain that any 
of the canine cases which have been studied in the United States are due to 
the L tcterohemorrhagiae, since all strains that have been isolated and studied 
appear to be of the camcola type Walch-Sorgdrager and Schuffner (6) in 
Holland, and Meyer, Eddie and Stewart-Anderson (i) in the United States, 
upon the basis of agglutination tests, believe that L teterohemorrhagtae is 
responsible for some canine cases Okell, Dalling and Pugh (4) who Erst de- 
scribed canine leptospirosis believed that the causative organism was the same 
as that which causes Weil’s disease in man but their data are not conclusive on 
this point They did show, however, that rat strains produced a disease in 
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dogs, experitnentally, which they regarded as identical with the one which 
they observed in naturally infected hunting dogs. Also it cannot be said that 
Rubarth (5), who described enzootics of the disease in foxes and dogs in 
Sweden, proved that the leptospira which he found were identical with 
those of Weil's disease rather than L camcola 

LEPTOSPIRA CANICOLA 

A number of European workers had recognized spirochetes in the kidneys 
of dogs suffering from jaundice and from a hcmnrrhagic-uremic disease of 
dogs commonly known as Stuttgart tliscase prior to 19^0, and it had been 
dcmonstratc'd that [laihologic pictures similar to some of the naturally occur- 
ring forms of the disease could lie produced by inoculation with the Weil’s 
disease organism It had been assumed, therefore, that the causative organism 
was L titerohemoirhu^iac Klarenbcek and Schuflncr, working in Holland, 
showed in iq^i that a spirochete which differed scrologicallv from the classi- 
cal Weil organism, was the causative igcnt of m.iny of the canine cases This 
organism later became known as L camcola It is now known that it dif- 
fers from the classical type of man and the rat in the character of the dis- 
ease produced in the dog and in the fact that it h.is slight pathogenicity for 
rats Present evidence indicates that L canuola is much more prevalent in 
dogs than 1 . teterohemon hagiae and that instead of being a more or less acci- 
dental infection. It sprc.ids readily from dog to dog and frei]iicntly prixliices 
enzootics, especially in large kennels In many European countries camcola 
leptospirosis .tppears to be quite common, and it has become evident recently 
th.al there are many areas in the United States in which the disease is preva- 
lent. 

Morphology and Staining Reactions. Since L uteiohemorrhagiae and L 
camcola cannot be distinguished from each other except by serological means, 
they will be describctl as one organism 

The organism is usually most easily found in the urine, in which it should 
be concentrated bv centrifugation It mav also be found in the kidneys and 
with greater difficulty in other organs Sometimes it is found only after pro- 
longed search Sometimes it mav ix recovered by guinea pig inoculation when 
It cannot be found at all in the dog 

In form these organisms are typical leptospira The coils are so fine that in 
silver nitrate preparations and in the dark field ihcv can be distinguished only 
by very careful observation In fresh preparations they possess very active 
motility The ends of the organism are characteristically hooked. 
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Cultural Features. These organisms are very easily cultivated The medium 
should be slightly alkaline, and should contain 5 to lu per cent serum Growth 
can never be obtained on the surface of solid media Semisolid media may be 
used, such as Noguchi's leptospira medium, or fluids will suffice In fluid media 
It IS well to have a fragment of fresh sterile tissue This may be a fragment 
of the kidney of the infected animal in which case the tissue serves the 
double purpose of supplying inoculum, and also reducing the oxygen tension 
to a favorable degree for the leptospira It is well to cover the surface of fluid 
media with oil or vaseline, although this is not necessary if rather tall columns 
of fluid media are contained in the culture tubes. Incubation may be conducted 
at a wide range of temperatures, although several degrees below body tem- 
perature appears to be the most favorable Growth usually is evident after 
about a week Cultures retain their viability, and pathogenicity for several 
weeks 

Differentiation between L. canicola and L. icterohemorrhagiae Infections. 

The differentiation between these two infections in dogs and man is pr,ic- 
tically impossible except bv the use of serological reactions Some contrasting 
characters of the two kinds of infection are given by Waleh-Sorgdr.iger and 
Schuffner (6) from their large experience with both types in Holland Iheir 
principal points of differentiation are summarizul below 

1 THE DISEASE IN iKK.s Ciinicola Infection seldom produces icterus whereas 
this IS a prominent feature of Weil’s disease m dogs as in man (Experience 
in this country indicates that this feature is not a reliable means of differen- 
tiation, since many of the canicola infections exhibit icterus ) 

2 TiiF DISEASE IN MAN Cumcola iiifcction IS morc benign than Weil’s dis- 
ease, since It seldom results in death In man, icterus is seldom seen in canicola 
infection whereas it is coinmon in Wed’s disease In man canicola infection 
IS likely to produce severe symptoms of meningitis, whereas these symptoms 
are not common in Wed’s disease. 

3 THE DISEASE IN EXPERIMENTAL ANIMALS Canicola iiifcction IS not SO patho- 
genic for guinea pigs as is Wed’s disease (more than half of injected animals 
fail to develop clinical disease) In guinea pigs icterus occurs only in a few 
animals injected with material from dogs when the causative organism is 
canicola, whereas 90 per cent or more develop icterus when injected with 
the Wed’s organism Guinea pigs injected with canico/a-containing materials, 
even though they may show no symptoms, usually shed the Leptospira in the 
urine for considerable periods of time. Those injected with the Wed’s disease 
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organism usually die from an acute infection before they become urinary 
shedders 

The water rat, which is the reservoir in all parts of the world of the Lepto- 
spira tcterohemorrhagme, and also other varieties of rats, are resistant to 
L cantcola The latter organism usually multiplies for a few days in the tis- 
sues and disappears without appearing in the urine, whereas infection with 
the former practically always results in urine shedders Furthermore, sero- 
logical tests of rat populations indicates that the infection earned is always 
tcterohemorrhagiae and never cantcola It is clear, therefore, that cantcola is 
not a rat-borne infection. 

4 EPiDESf loi tioY Epidemiological studies indicate that cantcola infection is 
spread directly from dog to dog Infected animals usually are urinary shedders 
It IS probable that the infection is taken in through the mouth and nose when 
dogs are smelling and licking the urino-gcnit.il organs of other animals It is 
significant that male tlogs arc infected more than twice as often as females 
It IS not impossible that the infection is spre.id through copulation 

5 sERouieiCAL KEACTIONS These two leptospira cross agglutinate only to a 
small degree The greater numlier of infeeied dogs agglutinate cantcola to a 
high titre and tcterohemorrhagiae to a low titrc or not at all, whereas naturally 
infected rats agglutinate the Wed’s organism and not the cantcola 

Pathogenicity. Three types of the disease in dogs are recogni/ed, the acute 
hemorrhagic type, the icteric, less .acute ts|)c, and the uremic type, commonly 
known as Stuttgart disease or canine typhus L tcteiohemorrhagiae causes 
the first and second tvpc but rarely, if ever, the third type L cantcola causes 
most, if not all, of the third type, some of the second, and a few of the first. 

The first tvpc is characterized by high fever, prostration and early death 
Hemorrhages occur throughout the organs, especially in the lungs and ali- 
mentary tract The second type is less acute and is characterized by intense 
icterus, hemorrhages with blood-stained fetes, and pigmented urine The third 
type IS characterized by uremia, because of extensive kidney damage, by a 
foul odor from the mouth because of ulcerative stomatitis, hemorrhagic enteri- 
tis, coma, and death in a high percentage of cases 

The clinical picture of the true Weil’s disease in man is similar to that ex- 
hibited by dogs. That caused by L cantcola, which Meyer has dubbed “cam- 
cola fever” often is severe and prolonged but recovery usually occurs The 
symptoms are quite varied and cases often are mistaken for undulant fever, 
va!^.\JR,w^3., t^vdemte tncntn^viis, and other diseases. Undoubtedly many cases 
pass unrecognized Meyer, Siewart-Anderson, and Eddie (2) have warned 
veterinarians and dog owners to be careful in the handling of dogs which 
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show symptoms o£ icterus or of Stuttgart disease, because of the hazard to 
their health. 

Diagnosis. The symptoms of the disease in dogs are sufficiently characteris- 
tic to enable a tentative diagnosis to be made A definite diagnosis can be made 
by conducting an agglutination test with a suspension of the specific organ- 
ism Agglutinins appear rather late in the disease, hence agglutination is most 
useful in determining the type of infection afici the animal has recovered, or 
in making surveys to indicate the prevalence of these infections Hy this test 
Meyer, Stewart-Anderson, and liddic (2) determined that 34 pei cent of the 
dogs in one area in San Francisco had had the camcola infection, and that, of 
a large number of serum samples collcacd in New York Caiy, 9 per cent had 
antibodies for camcola fever and 28 jier cent for Wed's disease 

Immumty. After recovering from an attack of leptospirosis both man and 
animals are thereafter immune Immune sera have been used in treating 
Wed’s disease in man with fairly gtxxl results Such sera .irc difficult to pro- 
duce and can be expected only to ameliorate the symptoms rather than effect 
a complete cure There are no reports of the use of immune serums on dogs 
Arsphenaminc and related compounds which are effective in some types of 
spirochetal inlections are not effective against kptospiral infections 
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CHAPTER XXIX 


THE RICKETTSIAE 


The name Rickettsia designates a group of small, bacteria-like organisms 
which are commonly found in the tissues of arthro^xxls They were named 
in honor of Howard Ricketts who saw and described the one which causes 
Rocky Mountain spottetl fever of man in iqoij, anil who contracted and died 
from the disease he was studying shortly alterwards This disease is trans- 
mitted to man by ticks, principally Dei niacentoi ander^oni Ricketts demon- 
strated this fact in iqoy and he also showed that the disease in the tick is 
hcrcdilary, the human infections lieing merely incidental 

Non-palhogeiiic forms of nckeilsiac occur m manv arihropoiLs such as ticks, 
mites, spiders, blixid-sucking and non-blixul-sucking insects, and lice Most 
of the rickcttsiac occur intracellularly, in fact there are some workers who 
refuse to rccogni/c as true members of this gioup any organisms which multi- 
ply cxtraccllularly 

Typical rickcttsiac resemble small bacteria, morphologically In some in- 
stances there is a great deal of pleomorphism, in other instances they are quite 
uniform in size and shape Most of them occur in groups in the cytoplasm of 
the parasitized cells, in some instances they ixcur intranuclcarly Nearly all 
measure less than 05 micron in diameter They stain prxirly with ordinary 
dyes but can be well and characteristically stained by Giemsa and similar 
stains They arc Gram-ntgativc Most sjiccies of rickettsiae have been culti- 
vated successfully in tissue culture None of the true members of the group 
have been cultivated in the absence of living cells 
All of the diseases caused by rickcttsiac are contracted by contact with in- 
fected arthropods These diseases arc similar in that the principal lesions 
which result in hemorrhages and skin rashes are located in the walls of blood 
vessels The most imjxirtant human rickettsial diseases arc s|xitted fever, 
typhus fever (not typhoid fever), Wolhynian or trench fever and tsutsuga- 
mushi or Japanese flood fever Tlicre is only one animal disease of importance, 
heartwater. 

Successful vaccines for Rocky Mountain spotted fever, and typhus have 
been developed by phenolizing or carbolizing tissues rich in the causative 
organism The first vaccines were made bv using the viscera of infected ar- 
thropods— of ticks in the case of spotted fever and of lice in the case of typhus. 
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Later methods have been developed in which the rickettsiae have been culti- 
vated 111 media containing minccd tissue containing susceptible ty)ies of cells. 
The effectiveness of such vaccines depends upon obtaining a heavy concentra- 
tion of rickettsiae in the cultures. The method of Zinsser, Fit/Patrick, and 
Wei (4), successful in typhus, is probably applicable to other rickettsial dis- 
eases This method consists essentially of serum agar slants the surface of 
which has been spread with minced tunica vaginalis of the guinea pig, minccd 
mouse embryo, or minccd chick embryo The rickcttsi.ie develop in the liv- 
ing cells whose vitality is preserved for a considerable time because the agar 
medium acts as a nutritive substance and as an absorber of waste products 
of cellular metabolism The infected cellular material is washed from the 
slanted medium when the rickettsiae have reached mavimum development 
and made into v.iccine by treatment with formalin (aix (^) discovered that 
large concentrations of spotted lever rickettsiae could be obtained by iikku- 
lating the volk-sacs of developing chick embryos (Jrowth of these oiganisms 
can be obtained on the chono-allantoic membrane of developing chick em- 
bryos but the yield is too meager to make giMid vaeeine 

Passtve immunity can be obtained by the transfer of serum from recently 
recovered animals Several weeks after recovery the serum is of little value. 

RICKETTSIA RUMINANTIUM 

This organism was first described by Cowdry (2) in 1925, who was working 
at the tunc in South Africa It is the cause of a disease of c.ittle, sheep, and 
goats commonly called “hcartwater,” because one of the characteristics of the 
disease is hydropcncardium This disease occurs only in South Africa, French 
West Africa, the Belgian (aingo, Kenya, and Tanganyika and possibly also 
in Madagascar The disease has long been known in South Africa and asso- 
ciated with the “bont” tick, Amblyomma hehraeum, which is the transmit- 
ting agent (i) Many other kinds of ticks occur in the heartwatcr districts 
but apparently the bont tick is the only vector Larval ticks retain the infec- 
tion through the molts to the adult form, but the parasite is not transmtttcd 
through the egg to the next generation. 

The disease can be transmitted by inoculation with blood taken from sick 
animals during the early febrile period, but transmission is not certainly ac- 
complished in this way. Subcutaneous inoculation of blood succeeds in not 
more than 25 per cent of the trials, intraperitoneal and intratracheal inocula- 
tions are even less certain, and ingestion practically always fails It is clear that 
the disease is transmitted naturally solely through the activities of the bont 
tick. 

The affected ruminants develop a high fever, show signs of gastroenteritis. 
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edematous swellings, and nervous symptoms. The temperature falls to sub- 
normal before death. 

The rickcttsiae are found in the cytoplasm of the endothelial cells of the 
renal glomeruli and in parts of the brain They are not so readily demon- 
strated but they also occur in the capillaries of many of the internal organs. 
The affected cells become greatly swollen. Many capillaries become com- 
pletely blocked in this way 

If the animal survives an attack of the disease it becomes solidly immune. 
This IS usual in all the rickettsial diseases 
Ricl^ettsta rummanttum apparently has never been cultivated artificially. 
In all probability, methods which have succeeded with other pathogenic rick- 
cttsiac would also succeed with this organism 
There arc no reports of the development of successful vaccines for this dis- 
ease. 
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CHAPTER XXX 


THE PLEUROPNEUMONIA GROUP 


In 1898, a group of French workers headed by Nocard (ii) succeeded in 
cultivating a peculiar, very minutL, organism from the exudates of a destruc- 
tive cattle disease known as contagious pleuropneumonia The organism is 
so small that it passes filters as readily as many of the hllerahlc viruses and for 
this reason it was long classified as one of the viruses It is now regarded as 
belonging to the bacteria and not to the virus group, since its only resemblance 
to the latter is in its minute size All true viruses are obligate intracellular 
parasites and cannot be cultivated on artificial media except when living host 
cells are present 1 he plcurtipncumonia organism, like other bacteria, can be 
cultivated on lifeless media. 

In 1923, Bridre and Donatien (2) cultivated an organism closely related to 
the one of pleuropneumonia from the joints of goats which suffered from a 
disease known as contagious agalactia In 19^4, Shoetens.ick (17) found an 
organism belonging to this group in dogs suffering from distemper In 1935, 
Klieneberger (7) made the surprising discovery that all strains of a bacterium 
known as StreptobaaUus momlifonnis, an organism which is norm.illy pres- 
ent in the naso-pharynx of m.iny rats, contained minute forms which have the 
characteristics of the pleuropneumonia organisms She succeeded in sepa- 
rating and cultivating the minute organism and believes that it is a symbiont 
of the StreptobaaUus She gave it the designation L, Dienes (4), however, 
believes that L| is a variant of the StreptobaaUus In 1938, Sabin (13), and 
Findlay et al (6) independently described a disease of mice (rolling disease) 
which was shown to be a ncuro-intoxication caused by the growth of organ- 
isms of this group which multiply in the joints and in the mesenchymal cells 
of the peritoneum and pleura In 1939 Sabin (14) isolated another such or- 
ganism, immunologically distinct from the one of rolling disease, which 
developed in the joints of mice producing an ankylosing arthritis Still later 
Sabin and Johnson (16) showed that such organisms were carried by normal 
mice on their nasal and conjunctival mucous membranes, and that at least 
five immunologically distinct types existed. These authors, thinking that or- 
ganisms of this type might be responsible for the baffling lesions in the joints 
of man suffering from rheumatoid arthritis made a number of attempts to 
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demonstrate them but unsuccessfully Quite recently Dienes (5) has reported 
the finding of plcuropncumonia-like organisms in the cervical exudate of 
women suffering from gonorrheal vaginitis The significance of this finding 
IS not known In iQ^ti, Laidlaw and Elford (g) reported the finding of organ- 
isms of this group in filtrates of raw sewage These organisms arc non- 
pathogenic for experimental animals Other organisms which probably be- 
long to the group have been found in rats and chickens 

The work of the last few years has made it clear that a considerable group 
of minute bacteria exists of which the bovine pleuropneumonia organism is 
the type Korrel and co-workers (i) gave the name Asterococcus mycottici 
to the bovine organism but the name has been little used Sabin (15) in his 
recent monograph on this group projxjses to crc.ue a new class for these organ- 
isms since he feels that they are sufficiently different from ordinary bacteria 
to warrant taking them out of the class of Schtzomycetes The name proposed 
for the new class is Paramyceies Two families are created, the Parasttuceae 
including the forms found in animals and Sapiophytaceae, the forms found 
in sewage. The Parasttactae arc tlivided into a number of genera named ac- 
cording to the hosts in which they arc found, thus, Boeimyces, Capromyces, 
Canomyces, Munmyces and Mtisculomyces Only the two species which affect 
domestic animals will be discussed here 

BOVIMYCES PLfcUROPNEUMONIAE 

Synonyms Aftcrococcus mveotdes, The organism of bovine pleuropneu- 
monia. 

This organism is the cause of a destructive disease of cattle which occurs 
in all parts of the world except Western Europe. North America, and a few 
other smaller areas. The disease has been known for more than 200 years 
From time to time in the past the disease has spread over the greater part of 
Europe In the early part of the 19th century the disease became widespread 
in Europe, and from there disseminated to South Africa, Australia, and the 
United States in exported cattle According to Moore (10), the disease was 
imported into the United States in 184:5, 1847 and 1859 The disease was re- 
stricted to some of the eastern states until 1885 when it appeared in Ohio By 
1886 It had reached a few herds in Illinois, Kentucky, and Missouri It was the 
spread of this disease that led to the establishment of the Bureau of Animal 
Industry, of the U S Department of Agriculture In 1887 Congress made 
available to the Bureau of Animal Industry adequate funds to deal with the 
disease During the next five years the disease was hunted down, all affected 
animals were destroyed, and in September 1892, the Secretary of Agriculture 
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issued a pioclamation declaring the country to be free of the disease It has 
not occurred in this country since March 1892. 

Morphology and Staining Reactions. The causative organism of bovine 
pleuropneumonia is exceedingly pleomorphic and varies widely according to 
whether it is grown on fluid or solid media, whether the cultures are young 
or old, and according to the method used ftir its demonstration Minute 
granules, and larger bacilliform elements, spirals, ring forms, globules, and 
bud-like forms are seen Even amorphous masses containing chromatic bod- 
ies are seen in preparations from solid media In tissues usually nothing recog- 
nizable as organisms can be ftiund. The size varies considerably but the units 
capable of reproduction evidently art very small since ultraflltration studies 
indicate that they arc of the order of 125 to 171^ millimicrons in diameter, a 
size which places them with many of the filterable viruses 

Cultural Features. NtK'ard, Roux, Korrcl, Salimbcni, and Du)ardin-Beau- 
metz (ti) first succeeded in cultivating this organism by inoculating serum 
broth with pleural exudate, enclosing the mixture in collodian sacs and (ilac- 
ing the latter in the peritoneal cavity of rabbits The animals became emaci- 
ated and finally died, whereas others treated wiih similar sacs containing iin- 
inoculated media remained well 'I he broth in the sacs had become slightly 
clouded, and when examined with the highest powers of the microscope, 
minute refractilc dots were observed The organism was cultivated serially 
in this manner through many generations, remote cultures retaining virulence 
for cattle Later it was learned that the organism would grow in broth to 
which 10 per cent serum had been added, hence the collodion sacs were not 
necessary 

Scrum broth cultures in which this organism is growing become very 
faintlv clouded This is so faint that it is advisable in incubate uninoculated 
tubes of the same media for purposes of comparison 

In the presence of 2 per cent peptone and 10 per cent scrum in broth, the 
organism produces acid from a number of carbohydrates, dextrose, fructose, 
mannose, maltose, and dextrin Sucrose anil trehalose are only slightly at- 
tacked 

Surface colonies may be obtained on agar containing per cent serum or 
ascitic fluid Plates or tubes should be sealed to prevent drying In from 2 to 7 
days' incubation at ^7° C the characteristic colonies may be seen. These are 
from 10 to 600 microns in diameter and so transparent that they are very 
easily overlooked They may be seen with a hand lens under reflected light, 
or better under the i6mm objective of the compound microscope under 
oblique illumination. 
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No growth occurs in plain broth, litmus milk, blood agar, blood broth, and 
Loefflcr’s blood serum. 

Pathogenicity. This organism is pathogenic only for cattle, normally, al- 
though several workers have reported that strains grown in the presence of 
horse or sheep serum acquire pathogenicity for sheep and goats 

Artificijl inoculation of naturally infected materials or cultures seldom 
reproduces the picture of the natural disease The pneumonia which is the 
principal lesion in natural cases does not often occur even when virus-contain- 
ing material is introduced into the trachea Sabin (15) suggests that possibly 
the cattle lung worm may be concerned with the naturally transmitted dis- 
ease, a suggestion which has not hecn investigated Daubney (^) succeeded 
in producing typical lung lesions by the device of incorporating infective 
material into small agar plugs which were injected into the jugular vein 
These lodged in the blood vessels of the lung, constituting infective emboli 
Exudates and cultures inoculated sulicuta neon sly produce large inflammatory 
swellings and a toxemia from which the animals may die, but this does not 
resemble the natural disease, and the inoculation disease is not naturally 
transmissible 

The Natural Disease. The natural disease spreads slowly and is difficult to 
eradicate Walker (18) who has had a l.irgc experience with this disease in 
Nairobi lound that 58 per tent of the cattle in a laigc infected herd had not 
contracted the infection after a pcriixl of seven months. 

The disease m.iy be quite acute, resulting fatally witbin a week, or it may 
be very chronic. The disc.asc has a way of betoming arrested by the walling 
off of diseased lung foci in wliith case the animal may appear to have recov- 
ered, but the sequestration is likely to brc.ik down at any time, perhaps weeks 
or months later, with an extension of die disease, the reappearance of symp- 
toms, and the discharge of virulent material It is by the movement of such 
animals into new herds and the rcoiaenmg of the lesions there that the disease 
IS spread 

The pleural cavitv of acutely diseased animals contains a great deal of 
fluid — as much as 15 or 20 liters The surbicc of the lung is injected and cov- 
ered with a thin dcjxisit of fibrin The subpleural tissue is thickened and filled 
with fluid, and the same kind of fluid distends the interlobular septa. When 
the affected lobes are incised these fluids run out, coagulating after a few 
moments exposure to the air. 

The pneumonia begins as nodules or foci which spread until entire lobes 
are involved These areas are hepatized and are bright red, brownish-rcd or 
grayish in color depending upon the stage of the process. The surface of the 
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cut section presents a marbled effect, the various colored lobules being scfia- 
rated from each other by wide bands of infiltrated interlobular tissue Necrosis 
occurs in the chronic cases, large portions of lung tissue often being necrotic 
and sequestered by connective tissue 

Bacteriological Diagnosis. Agglutinins, precipitins, and complement-fixing 
bodies are formed by infected animals and may be used as means of diagnosis. 
Antibody formation develops rather slowly, however, and these tests have not 
proved very useful in detecting early cases 1 hey h.ivc been useful, however, 
in detecting chronically infected animals which may show few or no clinical 
symptoms 

Immunity. Animals which have recovered from the disease cannot again be 
infected for a lung period of time Methods of artificial immuniration have 
been used for many years in the badly infected areas The earlier inctluxl con- 
sisted in the subcutaneous injection, usually in the tail, of jileural fluid This 
method gives protection from the lung disease but reactions often are severe 
and some animals even die from the inoculation Experience with the use 
of living culture as a vaccine have varied Purchase (12) found that cultures 
which had been maintained for many generations were harmless to cattle and 
resulted in effective immunity, but Kurotchkin (8) found such cultures to be 
ineffective in controlling the disease Large doses of immune serum will 
usually protect animals before infection has actually occurred, but the im- 
munity IS short-lived, and after infection has occurred it appe.irs to be useless 
Various methods of chemotherapeutic ircaiment h.ivc been tried but none of 
these appear to have been successful In the pasi the disease has been cr.idicaied 
from many countries by the method of slaughtering all infected herds, and 
this appears to be the only practicable method now av.iilable for dealing with 
It in areas where most herds are not already infected 

Resistance. The organism of pleuropneumonia possesses very little resistance 
to drying, heat, and chemical action The virus is kept alive in herds, not be- 
cause of Its persistence on the premises, but because it is harbored and ex- 
creted for long periods by apparently recovered animals 
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CAFROMYCES AGALACTIAE 

Synonym The Organism of Contagious Agalactia of Sheep and Go.ats 

The disease caused by the organism here considered is known to occur only 
in parts of southern Europe and in northern Africa Agalactia or mastitis in 
sheep and goats occasionally occurs in the United States, but this disease is 
related to other causative agents 

The organism undoubtedly belongs to the pleuropneumonia group, but it 
IS distinguishable from the bovine organism on serological grounds, and also 
on the basis of species pathogenicity (3) 

The causative organism was Erst isolated and studied by Bridre and Dona- 
tien (1) in 1923 Its cultural features are not materially different from those 
of the pleuropneumonia organism of cattle. The organism can be found in 
the blood in the early st.'iges of the disease, later in the joints, eye, and mam- 
mary secretions. 

The name suggests that the disease is localized in the udder and is mislead- 
ing in this respect. Actually it is a generalized disease which affects males 
and females alike. The principal lesions arc located in the joints, the eyes, and 
m the mammary glands of females. The disease may be acute but usually is 
chronic. The involved joints may become ankylosed but usually do not The 
mastitis IS manifested by the usual symptoms, and milk secretion diminishes 
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and even ceases. Pregnant females often abort Chronically affected animals 
become weak and emaciated. 

Attempts to immunize goats in various ways have proved rather disap- 
pointing Hyperimmune serum gives transient protection only. Much more 
encouraging in this disease has been the use of a chemotherapeutic agent, the 
sodium salt of stovarsol (acetylamino-hydrovy-phcnylarsonic acid) Bridr^, 
Donatien, and Hilbert (2) report that this substance has a specific curative 
effect upon animals affected with this disease 
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CHAPTER XXXI 


THE DERMATOPHYTIC FUNGI 


The simplest, least differentiated of known plants belong to the phylum 
T hallophyta These plants have no leaves, stems, seeds, and roots but consist 
wholly of single cells or chains of such cells which form filaments The mass 
of such filaments which constitute a single individual plant or colony is known 
as a thailus It is from this word that the group derives its name 
Some of the thallophytes contain chlorophyll and thus arc capable of photo- 
synthesis These are known as algae Othtis do not have chlorophvll, hence 
they are not green and are not capable of photosynthesis. These are called 
fungi The fungi, being unable to utilize the energy of sunlight, live a sapro- 
phytic or parasitic existence, and generally thrive best in darkness 
The fungi are divided into three groups, the Schtzomycetes, or bacteria, the 
Eumycetes, or true molds, and the Myxomycetet, or slime molds The last 
group contains no species of medical imjxirtancc This chapter will be devoted 
to a consideration of the organisms belonging to the Eumycetes. 

THE EUMYCETES 

Some of the molds are unicellular, others arc multicellular. Some are di- 
morphic, that IS, they may grow as unicellular individuals under some cir- 
cumstances and as multicellular under others This occurs among some 
parasitic fungi, the unicellular stage occurring in tissues and the multicellular 
in cultures Most pathogenic species are multicellular The yeasts, however, 
are always unicellular 

The multicellular fungi or molds are made up of cells which, placed end 
to end, form filaments known as hyphae The tangled mass of hyphae form- 
ing a single colony is known as the mycelium 
In some molds the mycelial filaments are not divided by septa or crosswalls 
but consist of single, multinucleated cells in which the protoplasm streams 
back and forth as it does in some of the algae These are said to have a 
coenocyuc mycelium, and such species are classified in a group known as the 
Phycomycetes. The greater number of species, however, have septate myce- 
liums, and such species belong to the Basidiomycetes, the Ascomycetes, or the 
Fung! Imperfecti. The Basidiomycetes consist largely of the mushrooms, 
bracket fungi, and other fleshy forms which have no importance in animal 
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infections, hence they will be considered no further here. The Ascomycetes 
are characterized by the possession of membranous sacs called aset (sing, 
ascus) which contain spores, generally eight in number, called ascospores. 
Similar to the Ascomycetes arc the large number of forms which are now 
relegated to the Fungi ImperjecU Probably the greater part of these forms 
actually belong to the Ascomycetes but since the sexual or ascospores have not 
been observed, they arc not placed there. The imperfection indicated by the 
name of the group is probably, in most instances, imperfection in our knowl- 
edge rather than imperfection in the fungi themselves The group is dimin- 
ished, from time to time, by the discovery of the sexual phases which permits 
the transfer of such species to one of the groups previously mentioned 

In all molds except the Fungi imperfeett both sexual and asexual spores 
are rccogni/ed In most instances the asexual spores are much more readily 
formed, arc more numerous, and are more conspicuous than the sexual types 
Oospores arc sexual spores produced by the fusion of two unlike cells one 
of which IS regarded as a male element and the other a female Zygospores 
arc sexual spores, occurring among the Phycomycetes only, produced by the 
fusion of two similar sexual cells Ascospoies are regarded as sexual spores 
since the parent cell from which the ascus is formed possesses two nuclei 
which fuse 

The simplest asexual spore is the arthrospore, which is merely a portion of 
hypha which breaks off and which is capable of reproducing the species In 
many species of fungi, sporc-bcaring hyphae develop and these form spores 
by a process known as abjointing, i e, by pinching and breaking off special 
elements In some forms special cells appear, generally at the end of the 
hyphae, which tnl.irge and become ballooned into a sac-like structure in 
which the spores are formed This is known as a sporangium In other forms 
the spores are formed exogenously at the tip of special hyphae These are 
known as conidia and the s[iecialized structure which bears them is called a 
conidiophore Chtamydospore is a general name used lor thick-walled struc- 
tures of many kinds which are formed in any part of the diallus and which 
apparently are resting forms 

The diseases caused by fungi fall into two categories: 

a The dermatomycoses, the skin mycoses of the "ringworm” group These 
diseases arc caused by many different species of fungi, most of which are 
classified among the Fungi Imperfeett These organisms cause superficial in- 
fections of the skin which arc annoying rather than fatal, as a rule. 

b. The mycoses of internal organs, consisting of destructive lesions of the 
mucous membranes, of tumor-like, mycotic granulomas and abscesses of the 
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internal organs Some of these begin as skin infections. These infections gen- 
erally are chronic in their course and frequently have a high fatality rate 


The Dermatomycoses of Animals 

These infections are common in both man and animals They are generally 
known as “ringworm” from the fact that typically they begin in small areas 
and spread centrifugally, the region of greatest inflammation at the periphery 
forming an eyer widening circle If the cases arc not treated, new .ireas usually 
become infected and finally large areas of the skin may become inyolved 
through the coalescence of the primary lesions Ringworm is .ilso known 
under the name tinea A certain kind of ringworm is known as fai’tts 

The fungi of the ringworm group grow almost wholly on the keratinized 
layers of the skin, including the hair and other horny strtietures They show 
a preference, in most cases, feir the hairy [xiriions of the body, hovytycr some 
species occur on the glabrous, or hairless, areas The infections usually involye 
the hair follicles and the hairs themselyts The latter bttome briitlc and often 
break off near their bases, or sometimes they split ('ommonly they appear 
dry and lustreless. 1 he skin of the affected areas bttoincs sc.ily and harsh .ind 
crusts are formed Bacterial infection often tomplit.itcs tin picture, pustules 
being formed in the hair follicles This condition is known as iyiosis The 
appearance of the infections differ considerably depending in [lart upon the 
nature of the infecting species. 

Generally speaking, ringworm thnyes best in ytmng animals and in older 
ones which have been devitalized by disease or malnutrition It is seen more 
often in stabled animals than in those on p.isture, and more often in winter 
than in summer. Ringworm infection which h.as bceome w'nlespre.ul in 
groups of calves often will clear up spontaneously in the spring several weeks 
after they have been turned out into the sunshine This may be a result of 
better nutrition or it may be due to the direct influence of the light Ultra- 
violet light has proved to be useful in treating m.iny forms of ringworm 1 he 
infections occur most frequently on the face, neck, and around the tailhead, 
but they may be found on any part of the Ixidy Many types of ringworm are 
highly eontagious, not only to other members of the same species but often 
also for members of other species Usually when the infection occurs in an ab- 
normal species the disease does not spread in the new one but dies out in the 
initial host. Ringworm of cats, horses, and cattle readily infects people, and 
most of the other animal types have been known to infect man These infec- 
tions arc very annoying and sometimes very resistant to treatment. 
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CLASSIFICATION AND IDENTmCATION OF THE FUNGI OF THE RINGWORM GROUP 

To the ordinary bacteriologist the classification and identification of genera 
and species in this group is a baffling problem. Even the mycologists find it 
a difficult group and disagree on the classification. The botanic classifications 
of the mycologist do not meet the needs of the dermatologist who seeks a 
relationship between the classification and the nature of the lesions produced. 
Sabouraud, a French mycologist, proposed a scheme which has been widely 
adopted by dermatologists and it is proposed to use his nomenclature and his 
classification in this work, in so far as it applies to the lower animals. In this 
plan three genera arc recognized, Mterospontm, Trichophyton and Achorton 

The group to which the causative agent of any particular case of ringworm 
belongs often can be determined by a careful inspection of the lesions When 
members of the genus Microsporum arc involved the diseased skin is very 
scaly and these scales tend to pile up to form crusts The hairs may break off 
at some distance from the surface of the skin, but often they remain intact 
until the disease is well advanced, so much so that, in cats especially, the le- 
sions can be felt rather than seen beneath the fur coat This disease is very 
highly contagious to animals of the same species and to others Microscopic 
examination of hairs plucked from follicles in the involved area often show 
masses of polyhedral spores clustered around their bases These are not ar- 
ranged in chains, but are clustered in irregular formation 

Members of the genus Trichophvton are divided into an endothnx variety, 
in which the hyphac and spores arc found within the hair shaft, an ectothnx 
variety in which these elements are on the outside of the hair, and a third 
group, called the neo-endothrix variety in which most of the elements are 
inside the hair but a few are found outside So far as is known, only the 
ectothnx varieties are of importance in animal pathology The spores of the 
trichophyta are arranged in chains like giant streptococci In the animal in- 
fections they can generally be demonstrated easily by placing a few plucked 
hairs on a slide, wetting them with 10 per cent sodium hydroxide in water, 
covering with a cover glass, and heating gently before examination under a 
low power of the microscope. 

Members of the genus Achorton arc the causative agents of javus, a type 
of ringworm characterized by the production of structures called scutula 
which have the general appearance of shields (Latin scutum = shield) These 
are formed as a consequence of the habit of these parasites of radiating out 
from the hair follicles between the Malpighian and the outer cornified layers 
of the skin, a process which separates the latter from their atuchments. The 
separated layers are thoroughly invaded by the fungus hyphae which form a 
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felted mass within them The hairs remain more or less intact, projecting out 
through the shields. The mycelium can be demonstrated inside the shafts of 
the plucked hairs, as well as in the substance of the scutuln. It tends to break 
up into fragments of varying length, many of which are nearly spherical and 
thus resemble spores 

Specific identification of these dermatophytes can be accomplished only by 
cultural means Most of them are rather easily cultivated on artificial media, 
the principal problem being to separate them from miscellaneous saprophvtic 
fungi which usually are abundant on animal skins t.ven when isolated in 
pure culture, their specific identification is a task for the expert It is based 
upon the gross characteristics of the colonies developing on solid media, to a 
limited extent upon physiologic characters, and upon microscopic character- 
istics of the developing hyphae and sjxircs, which often are cjiiile different 
from those observed in preparations made directly from the skin 1 he mor- 
phology of cultures often varies widely when they are grown for a lime on the 
same kind of medium, and different types of media usually profoundly in- 
fluence tlicir morphology The study of such cultures is a very specialized one 
which ordinarily will not be fruitful except to one who has had a good basic 
training in mycology The scope of this work will not permit further discus- 
sion of the subject Those who desire more information are referred to special 
works such as those to which references are given at the end of this chapter 

Before special types of ringworm fungi are discussed, it is of interest to 
note the fact that many types of dermatophytes have the propertv of fluo- 
rescing in ultra-violet light Not all of them fluoresce and there are other 
fungi which do, hence the property must be used cautiously as a diagnostic 
procedure, however, it often proves useful in this connection T he patient is 
examined in a darkroom with a lamp which emus ultra-violet rays from 
which most of the visible rays have been removed by a Wood’s filter A yel- 
lowish green fluorescence is characteristic of fungi Plucked hairs and epider- 
mal scales from patients may be examined in the same way, in which case 
fluorescence of the epidermal material around the root hairs is significant. In 
making such examinations care must be taken to exclude the possibility of 
confusing with fungi other fluorescing substances, especially medicaments 
which may have been used in treatment Mineral oils and jietrolatum, for ex- 
ample, emit a strong bluish-green fluorescence in ultra-violet light. 

Among domestic animals in the United States, ringworm is seen most com- 
monly in cattle, especially in calves The fungus in this case belongs to the 
genus Trichophyton, or Ectotnchophvton. Occasionally serious outbreaks oc- 
cur in horses, these cases generally being caused by members of the Trtcho- 
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phyton group but sometimes by members of the Mtcrospora and occasionally 
by members of the favus group {Achonon'). Ringworm of dogs and cats is 
common in many localities Most of these are caused by members of the genus 
Microsporum, but some cases are favus which probably arc contracted from 
rodents, especially rats and mice Chickens and other birds sometimes suffer 
from favus which affects their combs, principally. Ringworm of sheep and 
of swine has been reported hut these infections do not appear to have much 
economic consequence Many cases of ringworm have been described in which 
the nature of the causative agent is in doubt Obviously the ringworm infec- 
tions of animals are in need of much more study. 

MICROSPORUM CAMS 

Synonyms This species is apparently identical with Microsporum lanosum 
(of man) and Murosporum feltnetiin (of cats). 

Ringsvorm infection 111 which this s)seLies is the etiological agent is quite 
common. The disease spreads readily in kennels and catteries and among 

household pets which associate with 
stray animals and pets of other 
owners in the neighborhood. 

The disease appears as small 
scabby areas on any part of the body 
but IS seen most frequently on the 
cars, face, neck and tail These areas 
do not appear to cause much irrita- 
tion, nor do they have any appreci- 
able effect upon the general health 
of the animal as a rule The hair is 
not shed and, in cats especially, if 
the disease affects the long haired 
breeds and occurs on parts which 
are especially well covered with 
fur, the lesions may be overlooked until the disease has spread over a con- 
siderable part of the body. Such cases are stubborn to treat, and such ani- 
mals readily infect other cats, dogs, and often humans with which they 
come in contact. Guinea pigs may be readily infected experimentally. In 
man the disease may appear on the scalp, or circinatc lesions may appear 
on the relatively hairless pans of the body There are records of the disease 
being transmitted from one cat to another through the agency of an inter- 
mediate human being. 



Fic So Ringworm InfecUon in a l^ig 
(Courtesy of the Ledcrie Laboratories, Inc ) 
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MICROSFORUM EQUINUM 

This species has been described from the horse, but apparently this type of 
ringworm is not so common as the Trichophyton type which will be described 
later. The lesions are relatively benign, the disease does not easily transmit 
to man, and the guinea pig is said to be resistant to evperimcntal infection. 
These facts indicate that the species is not identical with those which ordi- 
narily infect small animals Two other species, M ruhiiim and M margina- 
tum have been described from horses in France and Algeria, respectively It 
IS not clear whether these are really different species, but in any case they do 
not appear to be important 


TRICHOPHYTON MENTAGROPHYTES 

Synonyms Ectolrichophyton mentagrophytt <, Ttiihophyfon gypseum; 
Trichophyton astcrotdes. 


Ringworm of cattle is a very common disease, especially in young animals 
kept indoors during winter months The causative agent is easily demon- 


strated, but the lesions arc sti 
characteristic that demonstra- 
tion of the fungus is unnec- 
essary for diagnosis Hairs 
plucked from the margins of 
the lesions, examined in a 
strongly alkaline solution which 
has a clearing action on the 
keratinized epithelium, show 
masses of spherical spores 
around their bases These spores 
are arranged in chains Fila- 
mentous hyphae may also be 
seen around the hairs but these 
are not so easily recognized as 
the refractile spores 
It has been observed that nor- 
mal calves, placed in quarters 
where nngworm-infcctcd ani- 
mals have previously been kept, 
often will promptly develop the 



Fio Ki Trichophyton mintniitophytis 
Scrapings from a ringwiirm lesion on the skin 
of a calf, unstained hut cleared with caustic pot- 
ash Tlic dark hand running scrtically is a pig- 
ment coiiuiniiig hair in its follicle Around the 
shaft of the hair large nunilxrs of fungus spores 
can be seen Mycelium can be seen in some in- 
stances but not in this photograph x 150 


disease. This happens at times 

when infected animals have been absent from the premises for months. This 


suggests that the fungus survives on the premises for long periods, perhaps 
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even from one winter to the next. Muende and Webb, in England, succeeded 
in finding colonics of the calf ringworm fungus growing on semi-dricd 
fecal material in such a stable. The fungus produced colonies large enough 
to be macroscopically visible. 

The lesions are usually found on the face, particularly around the eyes. They 
also occur on the neck, and occasionally on other parts of the body. Well 
developed lesions consist of raised, dry, crusty, grayish-white masses from 
which a few broken hairs protrude If the crusty material is pulled loose, 
bleeding occurs The disease spreads rapidly among calves kept in a common 
room, especially if the quarters are dark and damp Human infections oc- 
casionally occur. 

TRICHOPHYTON GRANULOSUM 

Synonyms Ectotnehophyton granulosum, Favotrichophyton caballtnum; 

Megatnehophyton equtnum. Trichophyton equtnum * 

Ringworm of htirses occasion.illy causes a great deal of trouble 111 large 
stables and in military units The disease spreads readily, principally through 
the use of common grooming ttxils harnesses, and blankets Outbreaks can be 
controlled only by treatment of affected animals and by thorough disinfection 
of all stable equipment. 

The disease is seen on parts of the body where harness or blanket straps rub 
the skin The face, breast, croup, flanks, and the back where the saddle and 
saddle girth rub, are the areas most often involved The hair on these areas 
breaks off and much of it comes out leaving scmi-bald patches The skin be- 
comes progressively thickened and overlaid with flaky crusts The underly- 
ing skin IS dry and has a dull lustre Infections often complicate the picture, 
making the areas moist and reddened The disease is transmissible to man, 
although apparently its contagiousness is not so great as that of the tvpe 
caused bv Mterospornm These infections apparently cause little inconvenience 
to the animal The principal damage is the disfigurement, temporarily, of the 
animal’s coat If untreated the disease may spread over large areas 

ACHORION GYFSEUM 

This IS the causative agent of one type of favus which apparently occurs 
most commonly on the horse, but has been found also on cats, rats, mice, and 
man Typical scutula are produced Little information is available about the 
nature of the disease. It is said to occur occasionally in many European coun- 

• All of these have been desenbed as etiological agents of ringworm infections in horses It is 
probable that thev represent more than one speaes and possibly more than one genus They are 
listed here as synonyms for convenience and because they have not been adequately differentiated 
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tries. Cases in the United States and in South America have been attributed 
to it. 

ACHORION CANINUM 

Showing cultural features differing from the preceding species, this one has 
been found in dogs and is inoculable to mice and man. Little is known 
about It. 

ACHORION QUINCKEANUM 

This species occurs most commonly in mice in which typical favus results 
The species readily transmits from mice to cats in which lesions most com- 
monly occur around the paws and on the ears 

ACHORION GALLINAE 
Favus of fowls, particularly of 
chickens and turkeys is a disease of 
considerable importance It appears 
as sm.ill white patches on the comb 
(usually of male birds) These en- 
large and coalesce so that finally the 
comb may be covered with a dull, 
white, moldy layer several milli- 
meters thick The disease usually is 
self-limitmg, healing after several 
months if untreated. Scutula are not 
found on the comb lesions but occa- 
sionally the disease extends into the 
feathered parts in which case typical 
shields are formed So long as the 
disease is limited to the comb, there is little effect upon the health of the 
birds When the feathered portions are involved, however, the bird becomes 
emaciated and may die. 
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Fig 8z Lesions of Favus in a Chicken 
This condition is caused by Achonon gal- 
hnac 
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CHAPTER XXXII 


THE FUNGI CAUSING MYCOSES 

OF THE INTERNAL ORGANS OF ANIMALS 


The dermatophytic fungi are dehnitely parasitic in hahit, cMsting nuwliere 
in nature, so far as is known, except on the skin of infected animals, on h.iirs 
and epidermal scales from such lesions, and to a limited extent upon materials 
in intimate contact with such epithelial debris On the other hand, the fitngt 
which cause the deep-seated infections generally, if not always, live saprophyti- 
cally except when chance places them in positions where a parasitie habii is 
forced upon them The superficial mycoses arc definitely contagious, the deep- 
seated arc not The agents of the deep-seated tnfections apparently live in the 
soil and on vegetation Some of these diseases occur only rarely and in widely 
separated localities They have no definite areas of localization The causative 
agents evidently are widespread, the cases of disease depending upon chance 
infection rather than the distribution of the causative agent Other fungi of 
this group are numerous in certain localities and absent in others, hence the 
diseases are limited to definite areas 

The fungi which cause the superficial mycoses arc usu.illy associated 
with disease in young animals Those which cause the deep-seated infec- 
tions arc found most often in mature and aged animils Exeepting aspergil- 
losis, all of these infections are chronic ones Henriei ( i ) hehevts that anim.ds 
are highly resistant to infection with such organisms as those concerned in 
the internal mycoses, and that active, progressive disease docs nut occur until 
the tissues have become hypersensitizcd (allergic) through repeated eontact 
He thinks that repeated minor infections must occur before the conditions be- 
come right for the progressive disease to begin This opinion is haseel u(ion 
considerable experimental evidence but it cannot be said to have been defi- 
nitely proven. If this theory is substantiated, an adequate explanation for the 
relative absence of the diseases in young animals is provided. 

The lesions of deep-seated fungus infections usually take the form of 
tumor-like masses commonly called infectious granulomas These granulo- 
mas have necrotic foci in their centers surrounded by heavy walls of fibrotic 
tissue. Around the margins of the necrotic foci, epithelioid and giant cells 
may usually be found The structure, therefore, is similar to that of a tubercle. 

365 
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In the necrotic tissue, instead o£ tubercle bacilli, one generally can easily dem- 
onstrate the hyphae of the fungus. In some cases spores can be found, in 
others yeast-like cells, depending upon the nature of the fungus present Fre- 
quently stellate bodies made up of fine hyphae radiating from a central mass, 
may be seen. The tips of the radiating filaments often are surrounded by hya- 
line, acidophilic material, the whole having a distinct resemblance to the col- 
onies of the “ray-fungus” of actinomycosis Henrici believes that these actino- 
mycetoid bodies are produced by the fungus as a result of specific stimulation 
by the allergic host tissues That allergic sensitization does occur in fungus 
infections can easily be demonstrated by making skin tests with extracts of 
the causative agent 
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Mucor Infections in Animals 

Members of the family Mucoiaceae belong to the Phycomycetes Some 
members are very common in nature, particularly the common bread mold, 
Rhizopus mgneans A bit of bread, moistened and kept in a Petri dish usually 
will furnish a luxuriant growth of this organism within a few days It is rec- 
ognized as a maze of loosely felted white mycelium which completely fills 
the dish If the lid of the dish is lifted it will be noted that the hyphae are at- 
tached and the disturbance of these attachments results in collapse of the 
entire structure Close examination of well developed cultures reveals black 
spherical bodies which arc masses of spores encased in sporangiophores 
R. mgneans is not pathogenic but species quite similar in morphology are 
encountered, rather rarely, in animal infections. 

RHIZOPUS EQUINUS 

Dodge (4) includes in this species the fungus which Christiansen and Niel- 
son (^) found in swine and which was regarded by them as a new species, 
R sutnus, also the mucor found by Theobald Smith (6) in bovine fetal mem- 
branes Bendixen and Plum (i) who studied similar, if not identical, infec- 
tions in Denmark identified the mucors which they encountered as Abstdta 
ramosa. Whether Smith’s organism, and the one with which Gilman and 
Birch (5) worked, belong to Rhizopus equtnus or to Abstdta ramosa, it is not 
possible to say They will be described under the latter name 
R. equtnus, as its name implies, was found in a horse where it was re- 
garded as the causative agent of a tumor in the region of the withers An- 
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Other case, possibly due to the same species, consisted of a soft, fat-like tissue 
m the maxillary sinus of a horse. 

RHIZOPUS SUINUS 

In 1922 Christiansen (2) described two cases of generalized mucormycosis 
in swine One of the cases was attributed to R eqmnus, the other to A 
ramosa In 1929, Christiansen and Nielson (^) described a larger senes con- 
sisting of nine cases, including the two which the senior aulhor had de- 
scribed earlier The seven additional eases were attributed to A ramosa, 
therefore the larger senes included only the one case caused by Rhtzopus 
which had been described originally In this paper they conclude, however, 
that the species is not R eqmnus and they propose a new name, R suinus. 

The aficeted pig was emaciated A large vascular tumor was found in the 
abdominal cavity This was made up of a conglomerate of small nodules, 
each surrounded by a connective tissue capsule The interior of the nodules 
consisted of dry firm tissue in the center of which there was necrosis Around 
the periphery there were hemorrhages In each lung there were about 20 
nodules similar in structure to those making up the abdominal tumor. A few 
were also found in the liver Mycelium was easily demonstrated in the caseous 
tissue and the mold was readily cultivated on maltose medium. 

ABSIDIA RAMOSA 

The genus Abstdia differs from Rhtzopus only in minor cultural details. 
This species was originally found in an infection of a human ear, later in 
head infections of horses It proved to be the causative agent in eight of nine 
cases of generalized mucormycosis of swine described by Christiansen and 
Nielsen (3) It was found by Bendixen and Plum (i) in nine out of eighteen 
cases of bovine mycotic abortions, being in pure culture in two cases and 
mixed with AipergiUus jumtgatus in seven additional cases Tht mucor de- 
scribed by Smith, and by Gilman and Birch may have belonged to this species. 

The swine infections, as described by Christiansen and Nielsen (3), were 
manifested by the formation of nodules in the wall of the small intestine and 
in the mesenteric lymph nodes, with occasional nodes elsewhere The intes- 
tinal lesions frequently ulcerated into the lumen of the bowel forming large 
ulcers The histological make-up is similar to that described under the pre- 
ceding heading Hyphae were easily demonstrated microscopically, and the 
mold was readily cultivated 

In the fungus-infected placentas of cattle, the hyphae are readily found in 
fresh films. The cotyledons are usually necrotic and dry. Sometimes the en- 
tire chorion is necrotic, dry, thickened, and leather-like. 
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Gilman and Birch (5), and Bendixen and Plum (i) were able to cause 
placental infections by inoculating pregnant cattle intravenously. Christian- 
sen was able to kill rabbits, guinea pigs, rats, and mice by intravenous and 
intrapentoneal inoculations The principal lesions are found in the kidneys, 
spleen, and liver 
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ASPERGILLUS FUMIGATUS 

The Aspergtllt belong to the Ascomycetes Most species are saprophytic 

and colonies arc frequent on plate 
cultures as a result of aerial contam- 
ination The most characteristic 
feature of the Aspergtlh by which 
they may be readily recognized is 
the structure of the expansions of 
ihc tips of certain of the aerial 
hyphae which bear the spores 
or conidia These expansions bear 
small papillae on which the spores 
are borne externally. Colonies are 
woolly and dense and quite unlike 
the kxise mycelium of the Mucors 
Most of the Aspergtlh have pig- 
mented spores and these give color 
to the entire colony. Aspergillus 
fumigatus has dark green spores, 
hence colonies have a dusty, dark 
green color. 

A fumigatus is fatal to rabbits 
and other experimental animals 
when spores are inoculated intra- 
venously. If the dosage is rather 



Fig. 83 Ispergtlitts lumigatas Photo- 
graph of the aerial hyphae and the fruiting 
bodies in an Henriri slide preparation x 60 
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large the rabbit will die within a few hours, the principal lesions being multi- 
ple hemorrhages. If the dose is smaller the animal will live longer, and multi- 
ple granulomatous lesions will develop, principally in the lungs but also in 
other organs. 

This organism was isolated by Bendixen and Plum (i) from the placentae of 
fifteen cows which had aborted The lesions are identical with those described 
under Abstdta ramosa, in fact in seven of the cases both types of molds were 
isolated. According to these au- 
thors, It was generally possible to 
distinguish the type present in the 
fetal tissues by determining the 
cross walls of the Aspergillus Inocu- 
lation of pregnant cows intrave- 
nously proved that the organism 
could localize in the fetal mem- 
branes and set up a train of 
changes which would result in 
abortion 

For birds this organism is very 
dangerous, producing a disease 
which IS known as aspergillosis 
This disease sometimes occurs in 



epizootic form in which case large 
losses may be sustained Unlike 
most of the other fungi which pro- 
duce deep-seated diseases, this one 
produces disease in young birds 
more often than in the older. 

The disease is limited to the up- 
per air passages and sometimes the 
mouth, the lungs, and the air sacs 
In these locations the mold has ac- 
cess to air and it vegetates readily 
cells and lymphocytes usually form 
The lungs therefore may show caseous areas, and the air sac walls may be 
thickened Sometimes the air sacs are lined with greenish areas because of 
the presence of large numbers of spores of the organism In other cases the 
air sacs are not uniformly thickened, but many small, whitish bodies of dense 
composition are present. The mold hyphae in many of these lesions may be 
recognized by crushing them with a little caustic potash. In the green areas 


I'lo 84 /lapergillus liimiiiutia Uii- 
sMiiiul j>rq)4raiiun shiiwin^ myiilium, fruil- 
iiiK IkhIics, and frii spurts 1 lx sir.niglit, 
stiff sulks are aerial liyphae Ttie Inilliiiiis 
cvpansinns ai tlieir Ircc tips ciiniain hnger- 
likc processes (surigniata) winch hear long 
chains of highly refraciilc s|X)res ol a yellow- 
ish-green enlor llie photogra|>h was made 
from a bit of culture removed from a solid 
medium and immersed in a clearing solu- 
tion The majority of the spores have broken 
loose from their allachtnenis x 400 

Tubcrcle-like bodies containing giant 
and these (juiekly go on to caseation 
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the spores are readily found In some of the denser lesions it is difScult or 
impossible to find evidence of the mold except by cultural means 
Culture of the causative organism is very easily accomplished on plain agar, 
or better upon maltose or won agar The organism grows best at about 30° C 
although It will grow at body temperature Fine woolly colonies appear. After 
a day or so these enlarge and greenish yellow specks appear in the aerial 
hyphae These are the spores Later the entire surface is covered with a thick 
matted mycelial growth, yellowish-green in color, and dusty 
A. jumtgatus apparently is introduced into Hocks principally in moldy 
grain feeds and in moldy litter The species seems to be widely scattered in 
nature and can readily multiply in feeds that become wet, or are stored in a 
damp room. The inhalation of spores from such sources seems to be the 
manner in which outbreaks are produced The disease has been reported in 
chickens, pigeons, turkeys, ducks, geese, canaries, and many kinds of wild 
birds. So far as is known all birds are susceptible. 
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COCODIOIDES IMMITIS 

This Ascomycete was originally thought to be a proto/oon The form which 
occurs in the lesions resembles an oocyst of a coccidium, and it is from this 
resemblance that the generic name was derived. 



Fia 85. Cocadioides immws Seseral of the spherules contained in pus expressed from 
a lesKui in a lymph node x 600 (Courtesy Stiles and Davis, Jour Amer Med Astoc ) 
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It IS the causative agent of a human disease of considerable importance, 
especially in the valleys of central and southern California where the disease 
IS endemic. The disease is not contagious, since neither human nor animal 
cases have ever been traced to infection from previous cases It is generally 
thought that the disease is contracted from the inhalation of chlamydosporcs 
for It has been observed that the disease is prevalent during the dry dusty 
season and is rare during the wet season It has been sup^xised that the or- 
ganism lives saprophytically in the soil, but Emmons (4) recently has ques- 
tioned this belief and has shown that rodents in the infected districts carry 


the infection Inasmuch as the or- 
ganism has been isolated from soil 
by several workers, there is no ques- 
tion about us CMstcncc there, but 
perhaps it reaches the sod thrtiugh 
animal excreta Most of the early 
cases of human infection originated 
in the valley of the San Jo.iquin 
river and the disease became well- 
known as the San Joaquin Valley 
disease Until quite recently only 
the chronic cases, characterized by 
the formation of granulomas in the 
internal organs anil especially in 
the lungs, and by a mortality rate 
in excess of 50 per cent, were recog- 
nized In 1938, Dickson (^) showed 
that the disease occurred in another 
much more prevalent form This is 
the “valley fever” <ir “desert fever,” 
an influenza-like disease which had 
long been known in the valleys 
of central California without its 



Fic 86 Coccidiotdes immitts Hanging 
drop preparation from a culture showing 
mycelium of the organism x 200 (Courtesy 
Stiles and Uavis, jour Amcr Med Assoc ) 


real nature being suspected It is now known that large numbers of resi- 
dents and transient workers in these valleys become infected with this dis- 


ease Most cases recover in from three to six weeks Only a few lapse into 


the chronic form characterized by granulomatous lesions. 

In 1918 Giltner (6) identified this organism in an infection of a cow which 
had lived in the San Joaquin Valley More recently the disease has been recog- 
nized in many cattle (i) (2) (9), in one sheep (i), and in several dogs (5) 
(8). Most of the cases have occurred in the original area, however isolated 
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cases have been recognized in Arizona, Texas, and Colorado, indicating that 
the fungus is more wide-spread than was originally believed. 


Morphology and Staining Reactions. As it occurs in the purulent material 
and the granul.ition tissue of lesions, the fungus appears as spherical bodies 
which vary greatly in size from about 5 to more than 50 microns in diameter 
The wall is double contoured and highly rcfractile The protoplasm is finely 

granular In many of the larger spheres a 
numlicr of ascospores may be seen as 
spherical bodies varying from 3 to 5 mi- 
crons in diameter Mycelium is never 
seen in tissues. 

When tissues are planted on suitable 
culture media, protopl.ismic shoots ap- 
pear from the spheres These develop into 
hvph.ic and soon a well-developed my- 
eclium IS formed The hyphae branch 
eviensivelv and exhibit well-marked 
septa In time aerial hyphae appear and 
a white woolly eolony is formed Mi- 
croscopically. numerous chlamydospores 
may be seen and some arthrospores The 
sphcrisal structures fotiiKl in tissues are never present in cultures unless they 
art incubated under special conditions scmi-anaerobically (7). 

All lorms of this parasite can be stained hut for most purposes fresh material 
unstained is picfcr.ihle for study 



I'lo 87 Coccidiotdis inimitii \ 
siiirIc colons of the orgiiusni grow 
mg on a solul irn ilium Noli the 
cotton like appc.innci xa (('oiiricsy 
.Silks and IXims, jour dniir Med 
d<so< 1 


Cultural Features. Coccidinides immitis will grow on all of the common 
media of the h.icteriulogical labeiratory On most of the solid media, the 
growth IS simil.ir in appear.incc When cultures are incubated at 20° C 
growth docs not appear for three or four days, but at 37° C it is usually evi- 
tlcnt within 24 hours The colonies are circular in outline, of a silyery gray 
color, and slightly raised The mycelium penetrates deeply into the medium 
so the colonies c.iniiot be remoyed except by digging out the medium. After 
a tew days the cultures develop a whitish, moldy appearance because of the 
development of short aerial hyphae In some tubes these are abundant and 
from 2 to 3 mm long, in others they mav be scarce and short. In old cultures 
the medium develops a brownish discoloration but the growth remains white. 
Gelatin and coagulated bovine serum are slowly liquefied. Milk is gradually 
digested Broth cultures develop as fluffy masses in the bottoms of the tubes, 
and some tubes show rather tough pellicles. Sugars are not fermented. 
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Pathogenicity 

FOR CATTLE. Coccidioidomycosis in cattle (i) (2) (6) (9) is a benign disease 
which ordinarily involves only the lymph nodes of the chest — the posterior 
mediastinal and the bronchial. In a few cases small granulomatous lesions 
have been found in the lungs Symptoms are not elicited The affected glands 
are enlarged and contain a yellowish, glutinous pus, similar to that of acti- 
nomycosis The sulphur granules are not present, of course, and microscopic 



Fio 88 Coccidioidal gianuloma Setlion of a Ixivine lymph node diowinjj granula- 
tion Iibsue and several giant cells, one of wliitli coiilains a S|)hcrule of the causative agent 
X ^00 (Couriesy Stiles and Davis, /o«r /Iwir Med inoc) 

examination readily reveals the spherical coccitlioidcs The abscess wall con- 
sists of granulation tissue Calcific.ition is nut present 
With but few exceptions all cases have originated in the inland valleys of 
California where the human disease tx;curs The diseases in the human and 
bovine species have no direct relationship to each other since the infection is 
not transmitted from man to animals, and vice-versa, both species contract 
the disease from the same source, that is, from dust infected with chlamydo- 
spores. Several cases have been found in cattle which were raised in Qilorado 
and in Arizona It is evident that the infection is not restricted to California. 

FOR SHEEP One case of coccidioidomycosis in sheep (1) has been reported. 
The lesions were like those in cattle 

FOR DOGS. Two cases have been described (5) (8) Multiple lesions were 
found in the lungs and there were lesions also in the liver, spleen and kidneys. 
The picture grossly resembled tuberculosis. The affeaed animals were in poor 
physical condition when destroyed. 
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Artificial Inoculation. Intravenous inoculation of cultures into guinea pigs, 
rabbits, sheep, calves, and dogs results, ordinarily, in the rapid development 

of multiple lung lesions and some- 



times multiple lesions in other or- 
gans The animals emaciate rapidly 
and s(x>n die Swine resist the infec- 
tion much better than other ani- 
mals Lung lesions develop in this 
species but the general health of 
the animals does not seem to be 
seriously impaired by them. 

Subcutaneous inoculations result 
in the formation of local abscesses 
which finally rupture and form ul- 
cers. The larger animals usually 
show no extension of the disease, 
however in guinea pigs the disease 
usually generalizes giving a picture 
not unlike that of tuberculosis 

Immunity. No biological products 
for the prevention or cure of this 


Fig 8g Cotadtoidal giamdoma Le- 
sions in a Iwvinc Ivmph node which strik- 
ingly resemble those of tuberculosis The 
lesions sary in si/e They are caseous m 
their ceniers Noie ihe hemorrhages ami 
the cncapsulaiioii Alxiul x i (t'ourtesy 
Miles and Davis, /our Amu Med Isxx) 


disease are known A product, coc- 
atlwuhn, made from filtrates of old 
broth cultures, has been successfully 
used for diagnostic purposes This 
material is quite analogous, in com- 
position and use, to tuberculin. 
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CRYFTOCOCCUS FARCIMINOSUS 

Synonyms* Zymonema farctminosum , Saccharomyces jaramtnosus, Endo- 
myce farammosa, Htstoplasma farciminosa, Saccharomyces eqm; Blasto- 
myces farcimtnosa 

The name Cryptococcus is used for those members of the Fungi Imperfecti 
which appear only as round or oval cells that reproduce by budding. They 
are closely related to the yeasts except that ascospores are not formed Myce- 
lium IS not found either in tissues or cultures Colonies on solid media are soft 
and pasty, like those of yeasts There arc several species which are pathogenic 
for man, but only one which affects animals. 

Cryptococcus jarctmtnostis is the causative agent of epizootic lymphangitis 
or pseudofarcy of horses and mules A few c.ises have been reported in cattle 
but cattle evidently arc not highly susceptible The disease has long been prev- 
alent in parts of Italy and France, in Russia, Japan, the Philippine Islands, and 
South Africa The disease caused a great deal of trouble during the Boer War 
and cases were brought back to England after its conclusion. It also was of 
much concern during World War I Some doubtful c.iscs have been reported 
in the United States Most of these, possibly all, were cases of sporotrichosis. 

The organism was first demonstrated in the pus, by Kivolta, in 187^. It 
was not successfully cultivated until 1896 The first pure cultures were ob- 
tained by Tokishiga (2). in Japan 

Morphology and Staining Reactions. In pus, the organism appears as a 
double Lontoured oval or ovoid bmly, measuring 2 5 to ^.5 by ^ to 4 microns 
The cells resemble those tif yeasts very closelv The cytoplasm is granular, 
and here and there bits of cytoplasm may be seen extruding from a break in 
the cell wall, forming buds from which daughter cells are formed In cul- 
tures the cells resemble those seen in pus except that they have a tendency 
to form short chains 

The fungus cells can be stained though not very satisfactorily Structural 
details are best seen in fresh, unstained preparations The Gram stain usually 
IS retained 

Cultural Features. C farcimtnosus is strongly aerobic It has been success- 
fully cultivated on a variety of media but growth is slow and uncertain When 
incubated under the most favorable of'cultural conditions now known, 
growth usually is not evident for one to three weeks or longer, and of many 
tubes inoculated similarly a considerable part may fail to exhibit growth. 
Growth may be obtained on plain agar and broth, on potato, coagulated egg 
medium, coagulated serum medium, and various other special media. On the 
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solid media growth appears in the form of small grayish-white granules 
which have a dry appearance and may become leather-like in appearance. In 
liquid media, growth generally occurs in the form of a scanty, granular sedi- 
ment. Sugar media are not fermented 

Pathogenicity. Epizootic lymphangitis of horses is characterized by inflam- 
mation of the superficial lymphatic vessels and nodes, principally of the legs, 
the chest, and the neck Infection is believed to occur through wounds In 
severe < ases lesions may be found on any part of the body and even on the 
mucous membranes 

The lymph channels become enlarged and appear as tortuous cords be- 
neath the skin, connecting the swollen lymph nodes The nodes soften and 
rupture forming cratcr-like ulcers from which a thick pus exudes The yeast- 
likc organism can easily he demonstriied in such pus When mucosal lesions 
occur ihcy art most likely to he found in the nasal passages, but there are 
records of their occurrence on the genitalia and of the transmission of the dis- 
ease from stallions to marts hv copulation 

Bennett (i) a few years ago described a type of etjuine pneumonia which 
was believed to be caused by C faramwosus It was of an interstitial type 
beginning witb infiltrations of lymphocytes and then monocytes. Syncytia 
and giant cells ne\t appeared and in these the cryptococci could be seen The 
org.inisms then muliipliccl profusely leading to extensive destructive changes, 
and fatalitv The condition was not associated with skin manifestations The 
tirganisin was not cultivated, and therefore svas not certainly identified 

The disease is very chronic .is a ride, though some cases heal spontaneously 
after a few weeks T he chronic c.iscs usiully arc incurable There are no bio- 
logic.il .agents of value for the di.ignosis or control of this disease. 
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MONILIASIS 

The genus Momha is used bv medical mycologists to designate simple, 
veast-like fungi which reproduce bv budding, form septate mycelia, and are 
not known to produce ascosporcs The spores are formed by successive bud- 
ding of specialized cells at the end of hvphae, or at nodes in the filaments. 
Both yeast-like cells and mvcclial elements occur in tissues. Colonies on solid 
media do not form aerial hyphae and therefore they do not become fuzzy but 
are fleshv, like colonies of true yeasts 

Members of this group cause a variety of lesions of the mucous membranes, 
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of the skin, and sometimes of internal organs of man. The best known form 
IS the condition known as thiush which is an infection of the oral mucosa of 
human infants, particularly of malnourished ones In several species of ani- 
mals thrush-like infections are said to occur Apparently these are not frequent 
or serious except in birds Many kinds of Montlta occur on normal mucous 
membranes as saprophytes, thus care must be used in attributing pathoge- 
nicity to forms found in surface lesions 

MONIUA ALBICANS 

Synonyms* Oiilium albicans, Sacchutomyces albicans 

This IS the species which causes thrush in hiim.in infants The types found 
in birds cannot be distinguished from it 

Morphology and Cultural Features. Young cultures consist of oval, budding 
yeast-like cells which measure by 55 microns Older cultures show septate 
hyphae and occasional spherical, 
thick-walled chlarnydospores In 
lesions the ycast-like cells in 
process of budding, and frag- 
ments of mycelium as well, can 
be seen 

On Sabouraud's agar, soft 
creamy colonies which arc very 
convex appear in 24 to 4S hours 
when incubated at ^7" C In 
gelatin stabs short villus growths 
extend out from the mam spike 
of growth. 1 he medium is not 
liquefied Acid and gas arc 
formed from dextrose, levulose, 
maltose, and mannose A little 
acid but no gas is formed from 
sucrose and galactose Lactose, 
rafiinose, and inulin are not at- 
tacked 

Pathogenicity. Some authors 
refer to monilia infections of the 
oral mucosa in calves and colts 
No additional information about them 1$ available Presumably they are of 
little consequence. 



Fic 90 Mnnilia spp Unstained preparation 
from a deep colony in agar showing mycelium 
and the yeast-likc sports which arise at the end 
of filaments and at mycchal nodes Surface col- 
onies of monilia consist largely of yeast like cells. 
Mycelnim is produced only under conililions of 
reduced oxygen tension Hoth mycelium ana 
yeast like forms arc found in lesions x 350 


THE PATHOGENIC FUNGI 


378 

Thrush-like lesions of birds — chickens, pigeons, turkeys, pheasants, and 
grouse, are quite common and often very serious. They involve the mouth, 
the crop, the proventriculus, and the gizzard. The lesions consist of whitish 
circular areas or of elongated patches along the crests of folds of the mucosa 
The areas may become confluent and finally involve large parts of the hnings 
of these organs. The involved tissues finally slough off leaving superficial 
ulcers Epizootics in very young birds may cause a heavy mortality. In older 
birds the infections occur but recovery is the rule. 

OIDICMYCOSIS 

Closely related to the Manilla are the Oidia The latter are simple yeast- 
like forms consisting of oblong elements which form chains or hyphae These 
break up forming spherical or oblong, sporc-likc elements Most of them are 
saprophytic, the best known being Otdtum lactis, commonly associated with 
milk and therefore often in the mouths of young animals which are on diets 
containing milk Some species have been regarded as pathogenic for man but 
recent authors appear to doubt their disease-producing power Jungherr (i) 
has found a member of this group associated with the crop and gizzard lesions 
of birds described above and believes it plays a part in the infection Pure 
cultures were shown to be pathogenic for birds He proposed the name Oi- 
dtum puUorum for it. 
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SPOROTRICHOSIS 

Sporotrichosis 1$ a disease of man and horses, rarely of other species, caused 
by fungi belonging to the genus Sporotrtchiim which belongs to the group of 
Fung! Imperjecti. The disease is characterized by chronic granulomatous 
lesions of the skin, skin lymphatics, and occasionally of the internal organs 
The superficial lesions have a tendency to ulcerate. Elongated yeast-hke bodies 
occur m the pus but these frequently can be demonstrated only with difficulty 
and sometimes not at all Mycelium is not found in tissues The condition in 
horses resembles epizootic lymphangitis. Early in the century epizootic lymph- 
angitis was reported in the United States (2), but Page, Frothingham, and 
Paige (i) showed that the condition was sporotrichosis rather than cryptococ- 
cosis. Sporotrichosis in both man and horses has been reported rather fre- 
quently from the states of the upper Mississippi valley and infrequently from 
vanous other parts of this country. It 1$ supposed that the organism is a 
saprophyte which lives in the sod. 
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SPOROTRICHUM SCHENCKI 
Synonyms- Sporotnchum beurmannt 

Some authors regard S' schenc\i and S beurmannt as distinct species. The 
former was described from the United States; the latter from Europe It is 
evident that they are very similar if not identical The description given below 
IS taken largely from that given by P.igc, Frothingham, .ind Paige who worked 
with equine material originating in Pennsylvania and North Dakota 

Morphology and Staining Reactions. In pus the organism usually is diiHcult 
to demonstrate microscopically The only forms that can be recognized are 
cells resembling elongated yeasts, sometimes described as “cigar shaped.” They 
vary in length from 2 to 10 microns and in breadth from 1 to ^ microns 

In cultures the morphology is best studied in fluids, unstained. The fila- 
ments are rather delicate measuring about 2 microns in diameter They are 
septate and branching Short irregular lateral branches arc numerous On the 
ends of the branches clusters of the oval or j>ear-shaptd spores arc found Such 
spores are also found along the sides of the filaments The hyphae and spores 
stain readily with ordtnary dyes and with the Gr.iin stain, hut the process of 
staining shrinks the hyphae and disltxlges the spores 

Cultural Features. Growth occurs on all the ordinary laboratory media, but 
solid media art more productive than fluids Acid media arc more favorable 
than those used for the cultivation of bacteria M.iltosc f.ivors growth GcKid 
growths arc obtained on ptitato and carrots and on these media the character- 
istic brownish-black pigment is best seen 

Small whitish filamentous colonies appear on potato slants on the second 
day of incubation These gradually enlarge and gradually darken until finally 
the color is almost black The surface is woolly because of the short aerial 
hyphae Old cultures develop convoluted surfaces suggestive of the convolu- 
tions of the brain. 

The growth on sliced carrots is similar to that on (Krtato 

On agar the growth is similar to that on potato bur the colonies remain a 
whitish color They are adherent because of the penetration of the mycelium 
into the medium 

Gelatin is slowly liquefied. Most of the growth is near the surface but spike- 
like growth occurs along stabs. There may be some blackening of the sur- 
face growth. 

Loeifler's blood serum shows a slight depression under the colonies but 
general liquefaction docs not occur 

In litmus milk there is little growth except on the surface where white fila- 
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ments grow around the tube in the form of a ring which becomes black in 
about one week The milk may coagulate after three weeks but the reaction 
remains alkaline. 

In fluid media growth occurs principally as a pellicle or a ring, but if un- 
disturbed a few fluffy colonies, which remain permanently white, may form 
along the sides of the tube or on the bottom If the pellicle is caused to sink 
by shaking, a fresh one replaces it. 

Pcxir growth occurs in sugar-free broth and in peptone water. It is much 
better in dextrose and especially in maltose broth Growth occurs in broth 
containing chloroform and in hroth which contains more than 5 per cent salt 
Acid IS funned from dextrose but not from lactose, sucrose, maltose, man- 
nitol, dulcitol, adonitol, raffintise, and inulin Gas is not formed in any medium. 

Pathogenicity, The disease in horses is ch.nracteri?ed by the formation of 
nodules, spherical in form, and of sharp contour There is no tendency for 
the nodules to eo.ilesee Although they may become multiple and spread oyer 
areas of the body, in neither the nodular nor iilccratiye forms is there any 
eyidcnce of “cording” of the lymphatics The skin oyer the nodules becomes 
moist, the hair falls out, and crusts form The pus discharged from the crateri- 
form ulcers is yellowish ,ind rather scanty in amount The ulcers heal slowly 
and usually Icayc hairless cicatrices Internal lesions haye not been reported 
in horses 

Sporotrichosis has been reported in dogs but few details are ayailable Rats 
also arc said to contract infections naturally Experimentally, guinea pigs, 
rats, .inel r,ibbits can be infected but usu,'illy only a local abscess is formed 

Immunity. Little is knusvn of this aspect of sporotrichosis The disease is not 
common enough to warrant spcci.d biological treatment, furthermore, the 
disease yiclels readily to systemic treatment with iodides The serum of chron- 
ically mfeeted aniin.ils will agglutinate sjxire suspensions, and filtrates of old 
fluid cultures {sporotnchin) svill give specific skin reactions. 
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CHAPTER XXXIII 


THE PATHOGENIC PROTOZOA 


General Considerations 

Generally protozoa are regarded as the first, and the lowest, phylum of the 
animal kingdom All animals which consist of single cells, capable of carry- 
ing on all life processes independently, are included. The great English pro- 
tozoologist Dobell insists, however, that the protozoa are non-cellular animals 
and thus are diifcrent from all other members of the animal kingdom which 
arc cellular He raises the protozoa in rank equal to all others, and calls the 
others metazoa While the protozoa arc generally regarded as the most prim- 
itive of animals, it should be noted that, physiologically, the protozoan cells 
must be more complex than the cells of the metazoa because they must assume 
all of the necessary functions of life, whereas the cells of multicellular ani- 
mals have these funtiions divided between them 

The soil, surface waters, vegetation, and the intestinal tracts of man and 
animals are turning with protozoa which live saprophytic existences. Only 
a small proportion are parasitic in habit and a still smaller proportion of all 
are discasc-pioducing. Nevertheless a number of very important diseases of 
man and animals arc caused by members of the group. 

STRUCTURE 

All protozoan cells consist essentially of two parts, cytoplasm and nucleus 
The nucleus generally is relatively large and easily recognized. It contains a 
substance (chromatin) which has an affinity for the basic dyes The cytoplasm 
stains with acid dyes and consists of a foamy protoplasm in which vacuoles 
often are seen Embedded in the cytoplasm of some species are special organs 
which have to do with locomotion, and others which act as skeletal supports. 

UXtOMOTION 

The simplest mode of locomotion among protozoa is by pseudopodia. These 
are processes of protoplasm extruded from the body surface into which the 
cytoplasm flows like water in a rubber sac which is pushed across a table. This 
type of motility characterizes the group of amoeba, thus this type is often 
called amoeboid movement. 
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Permanent special organs of morihty arc possessed by many groups of pro- 
tozoa These are in the form of whip-hke processes which lash the medium 
m which the creatures live and thus cause movements of translation Some- 
times these lashes are small and numerous; sometimes they are fewer and 
large. The small lashes are known as ctlta and such forms belong to the 
Ctbophora 1 he cili.i arise from minute granules, lodged in the ectoplasm of 
the cells, which arc homologous with the blepharoplasts of the flagellates. 
When the Lishes are few and large they arc known as flagella, and the flagel- 
lated forms constitute a special group known as the Masttgophora Flagella 
consist of a central filament, known as the axoneme which takes origin in a 
body embedded in the cytoplasm, usually near the nucleus, called the blepharo- 
plast. As the axoneme passes out through the cell wall to form the lash it be- 
comes covered with a la)er of material derived from the cell wall. 

MULTIPLICATION 

Most protozoa multiply by a process of cell division in which two, more or 
less e(|ual. individuals are formed This process is known as binary fission 
Some forms divide characteristically into ts o unequal individuals This form 
IS called gemmation or budding A large group of parasitic protozoa, the Spo- 
rozoa, reproduce by a protess known as <chizogony In this method the nu- 
cleus divides and the daughter nuclei divide and subdivide until there are a 
large number of nuclei in one cytoplasmic mass These nuclei arrange them- 
selves around the periphery of the cell and are pinched off, each with a small 
amount of cytopl.ism, 10 form a shower of new individuals called merozoites. 
These grow into aduhs which may again reproduce by a repetition of the 
schizogonic process 

SYNGAMY 

Sexual differentiation occurs among many protozoa, the differentiated cells 
being known as gametea The macrogametes are the equivalent of the ovum 
of higher creatures, and the mtcrogameles, of the sperm cells The fertilization 
of a macrogamete by a microgaineie gives rise to cells known as zygotes, or 
oocysts, which frequently develop resistant capsules and thus are prepared to 
await more favorable conditions, or a new host, before developing 


PROTOZOAN CYSTS 

A characteristic of many of the parasitic protozoa in particular, but of many 
of the saprophytes also, is their ability to form structures which resist drying. 
These arc called cysts and arc formed by the secretion of substances which 
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harden into rather dense capsules. Cyst walls often are quite clear and refrac* 
tile. Unlike the spores of bacteria, to which these structures are comparable, 
at least in function, the protozoan spore is not materially more resistant to 
high temperatures than the vegetative organism. 

IMMUNITV IN PROTOZOAN DISEASES 

Generally in protozoan diseases the parasite multiplies rapidly for a time, 
then, if the host continues to survive, gnidually diminishes in number until 
It can no longer be found In some instances it does not wholly disappear and 
may give rise to a recrudescence of the disease. This loss of vigor on the p.irt 
of the parasite is similar to that seen in most bacterial infections and may be 
due to the same cause, namely, the development of antibodies which are 
antagonistic to the parasite Anttbexlies do develop in proiozoan infections, 
and they may be transmitted passively, often protecting completely an other- 
wise susceptible host Agglutinins, precipiiins, complement-fixing antibodies, 
lysins, and opsonins for protozoa have been demonstrated It is probable that 
developing immunity is not the only faeior in causing disap^iearance of 
protozoan parasites, for in many instances, new infeeiions can be superim- 
posed on the old one Whereas the original mfceiion is hiding out, the ntw 
one may be vigorous and progressive This indicates a lading vigor of the 
parasite probably due to inherent properties whieh permit only a limned 
number of generations by one mode of multiplication, after which another 
mode must intervene Schizogony, or asexual inulliplicalion, of coecidia of 
animals and of the malaria parasites of man, can go on in the original hosts 
only for a limited number of generations, aflei which ihe parasile assumes 
the sexual form and further multiplication in the same host does not occur 
After su)uurn in another host, as in malaria, or in the soil, in the case of 
coccidia, the parasite is then ready to institute a new senes of generations 
in another host or in the very host from whieh 11 was derived 

In some protozoan diseases, sueh as human Icishm.imasis and East Coast 
Fever of cattle, recovery results in complete and absolute immunity In most 
cases, however, the immunity 1$ only a relative matter and the disease may 
run for years in a single host because of repeated reinfections Immunity in 
these instances does not suffice to protect fiom new infections. 

Many attempts have been made to induce active immunity to protozoan 
infections by vaccinating the animals with attenuated strains, or suspensioiu 
of killed cultures These have met with very little success The only immu 
nity which 1$ successful is that which is produced as a result of sufTering from 
an actual infection. In some instances it has been noted that young animals 
withstand certain protozoan infections much better than adult animals and 
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this fact has heen put to practical use as, for example, m Texas fever immuoi- 
zation. 

ARTlFiaAL CULTIVATION 

The pathogenic protozoa fall into two classes a Those that live in the fluids 
of the body cxtracellularly, and b Those that live all or part of their lives in- 
tracellularly Most of the species that live extracellularly have been cultivated 
in artificial media. The culture media usually are rather simple but most of 
them contain blood, or blood serum. The species that live intracellularly have 
been refractory to artificial cultivation, as might be expected Success has been 
attained only in tissue cultures in which the host cells are growing, or at least 
in which the viability of the host cell is preserved for a time. 

Detailed classification of the protozoa will not be considered We are con- 
cerned only with the disease-producing forms All of these fell into four 
classes Rhtzopoda, MasUgophora, Sporozoa, and Ciliuta 

THE RiiizopoDA include the organisms which move and ingest food bv means 
of pseudopodia. The only pathogenic species of importance in this group is 
Entamoeba histolytica, the cause of amoebic dysentery in man This species 
will develop in young kittens and these animals are frequently used as experi- 
mental hosts but natural infections arc unknown 

THE MASTicoPHORA arc somctimcs called the Flagellata This class includes all 
of the species which possess flagella during the greater part of iheir life span 
Flagella are seen temporarily at certain stages of development in some species 
which arc not members of this class Some members of this group live in the 
intestinal and genital tracts and others live in the blood The group of tryp- 
anosomes, the leishmanias, the trichomonads, and the hexamitae arc mem- 
bers of the MasUgophora. The histomonas of blackhead in turkeys is assigned 
to this group, although it is not a typical member 

THE SPOROZOA include forms which are exclusively parasitic in habit and which 
at some stage in their development produce resistant spores enclosing one or 
more sporozoites which carry the infection to new hosts This group includes 
the coccidia and many species of blood parasites, the hemosporidia 

THE ciUATA are protozoa which possess aha in all stages of their development. 
Most of them are free-living, non-parasitic forms Only one species is of 
enough importance to warrant consideration here This is Balantidium coh. 
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THE MASTIGOPHORA 


The Trypanosome Group 

The most imporunt disease-producing members of the MasUgophora be- 


long to the family Trypanosomidae 
J^ishmania, which occurs in both 
vertebrates and invertebrates, Lep- 
tomonas, Cnt/iidia and Herpeto- 
nionas which occur only in inverte- 
brates, usually in the digestive 
canal, and Trypanosoma, which 
occurs in vertebrates as well as in- 
vertebrates, usually in the blixid 
plasma 

All of these forms resemble each 
other in that ihev possess a nucleus 
and a single flagellum which arises 
from a small body, embedded in 
the cytoplasm and known as the 
blepliaioptast Just posterior to the 
blcpharoplast and very near to 
It IS a deeply staining structure 
known as the parabasal body The 
composite structure consisting of 
the blcpharoplast and the parabasal 
body IS known as the l{tnetoplast\f 

The Letshmama usually are 
spherical or oval cells in which the 
nucleus and kinctoplast arc visible 
but the flagellum is rudimentary, 
or absent and in no case does it 
extend outside the cell wall These 
cells, therefore, are non-motile. 
Leptomonas consists of an elon- 


This family is divided into five genera: 



Flo 91 Diagrammatic Rrprcscnlalion of 
the Tiyipanosomitlae (i) Lcishmania The 
kincluplasi is Iiicaisil near the nucleus anil the 
flagellum IS absent or rudimentary In nu case 
dues the flagellum extend beyond the cell 
txHly, thus these forms always are non-motile. 
(2) Leptomonas The cells arc elongate, the 
nucleus is located near the center of the cell, 
the kineinplasi is near the anterior end of the 
cell and ihe flagellum extends welt beyond 
the Cl II wall, consiiiuting an elTcciive means 
of locumolion There is no undulating mem- 
brane ()) Criibidia The cells are elongate, 
the kinctoplast is located near but slightly an- 
terior to the nucleus, the flagellum passes out 
of the cell at one margin and runs in the 
edge of an undulating membrane to the an- 
terior end of the cell and thence forward as a 
freeJash These forms arc actively motile (4) 
Trypanosoma These arc similar to the pre- 
ceding except that the kinctoplast is located 
posterior to the nucleus and usually well to- 
ward the posterior end of the cell. The fla- 
gellum and undulating membrane are simi- 
lar to those of the crithidia 
3»7 
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gated cell with a nucleus located more or less centrally The kinetoplast is 
located near the anterior end of the cell and the flagellum extends well be- 
yond the cell wall, constituting an effective means of locomotion An undulat- 
ing membrane is not present in this group. The cell body of the Cnthtdia is 
elongated and similar to that of the previous group but the kinetoplast is 

located near but slightly ante- 
rior to the nucleus, 1 e, near 
the center of the cell body. The 
flagellum passes out of the side 
of the cell into a protoplasmic 
ridge which is known as an 
undulating membrane of which 
It constitutes the outer or free 
margin At the anterior end of 
the cell the flagellum leaves the 
undulating membrane and ex- 
tends well forward as a free 
lash The Trypanosoma resem- 
ble the Crtthidia except that the 
kinetoplast is located well be- 
hind the nucleus toward the 
posterior end of the cell and the 
flagellum leaves the side of the 
cell near us (xisierior end into 
an undulating membrane which 
runs nearly the entire length of 
the cell At the anterior end of the cell the fl,igellum leaves the membrane 
and passes farther forward as a free lash The free margin of the undulating 
membrane in both crithidia and trypanosomes is longer than the attached 
margin, hence it is thrown into folds or ruffles which have an undulating 
movement when in action. 



f K. ('rillndia torm of lrvpatto\oma 
melopitagnim hlained film of a culltirt on arii 
ficial media Note liiat the llancllum oriKiiutes 
in a kinetoplast located near but slightly aiuirior 
to tile nucleus and tlial an uiidulaiing membrane 
IS present 


The Leishmania 

Flagellates of the genus Letshmama occur in the form of leptomonads 
as well as leishmania and they may be found in both vertebrate and inverte- 
brate hosts Members of the genus Leptomona< occur in both forms but they 
are confined to invertebrate hosts Those of the genus Cnthtdia may appear 
in their invertebrate hosts as leishmania, leptomonads or cnthidia Those be- 
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longing to the genus Herpetomonas are confined to invertebrates and may 
appear as leishmania, leptomonads, enthidia, or trypanosomes Members of 
the genus Trypanosoma are like the herpetomonads in that they may occur 
in any of the four forms but differ in that they are found in vertebrate as well 
as invertebrate hosts 

All of this sounds, and is, very confusing. The f.ict is that the groups repre- 
sent evolutionary stages in which the more complicated forms tend to retro- 
gress at times Thus a culture of a trypanosome on artificial media may show 
leishmania, leptomonas, and crithidia forms only, but upon inoculation of such 
a culture into a susceptible host the parasite may again assume the form of a 
trypanosome In the intestine of a hluod-sucking insect which has fed upon 
blood containing trypanosomes, the same phenomenon can be seen. On the 
other hand there arc flagellates in arthropods which never assume the more 
complex forms and these arc classified as belonging to the most complicated 
group to which its development entitles it 1 he terms arc used as nouns, in 
which they refer to the genera, or as adjectives when they refer to a developmen- 
tal stage of another form We may speak of crithidia forms of trypanosomes, or 
the leptomonad form of leishmania On the othei hanil we say that the causa- 
tive agent of human kala-azar is Leishmania donovam I t will have been noted 
that only the leishman ia and the tryp^osomes arc parasitic and palbogeiuc 
for vertebraie,S These will be the only genera which will be considered further 

LEISHMANIA DONOVANl 

Synonym The Leishman-Donovan bodies 

This parasite is the causative agent of a malaria-like disease of man known 
as kala-azar or dumdum fever which is endemic in lndi.i, Ohina, southern Rus- 
sia, and the countries of Luropc and Africa which border on the Mediterranean 
Sea The p.irasite usually is found within large endothelial cells of the capil- 
laries and IS concentrated in the spleen, bone marrow, lymph notlcs, and liver. 
Usually very few are found in the blcaid stream and diagnosis hy means of 
blood smears, therefore, is very uncertain For diagnosis, spleen or liver punc- 
ture IS frec|ucntly dune Usually the endothelial cells of these organs contain 
large numbers of the parasite. 

In man another disease, known as “oriental sore” or “Delhi boil” is caused 
by a member of the group, Leishmania tropica This is regarded as a separate 
species although it cannot be distinguished with certainty from L donovam. 

That the leishmania are flagellates was first demonstrated by the develop- 
ment of flagellated forms of the leptomonas type in citrate solution to which 
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infected splenic material had been added It is believed that tlie transmitting 
agent of the disease is an arthropod although the precise vector has never been 
identified. Gnats of the genus Phlebotomus have been suspected. The belief 
m an invertebrate vector is based partly on the fact that the cultural lep- 
tomonad form is characteristic of the type usually found in invertebrates 

Morphology and Cultural Features. L donovam usually ts ovoid in out- 
line. It measures from i 5 to 2.3 by 2 to 3 microns Multiplication is by 
binary fission and dividing forms arc frequently seen in spleen pulp films. 
Artificial culture was first obtained by immersing bits of infected spleen pulp 
in a sodium citrate solution but continued cultivation by this method is not 
successful. The best medium for initial as well as continuous cultivation is the 
well known N N N medium, now commonly used for the cultivation of 
most of the pathogenic trypanosomes This medium consists merely of an 
agar jelly made up tif .igar and saline solution to which 10 per cent fresh de- 
hbrmated rabbit blood is .iddid just before use T he medium is slanted and 
growth of the flagellates occurs in the water of syncrcsis 1 his medium will 
support vigorous growth of L donovam indefinitely The medium takes its 
name from the fact that it was described by Nicollc and 1$ a modification of a 
medium first used by Novy and McNc.1l (Nicolle-Novv-McNeal). 

Pathogenicity for Dogs. Dogs in the kala-azar districts, and especially in 
the Mediterranean region, have frequently been found infected with this 
parasite (2) (3) Some have stiggested, in kict, that the dog is the nattiial 
reservoir from which human infections are derived but there is little support 
for this idea Apparently dogs are exposed to the same sources of infection as 
man, and obtain the infection from the same sources 

The disease in dogs is much like that of man It may be acute or chronic 
and the mortality may be great, frequently because of intercurrcnt infections, 
sometimes because of the uncomplicated disease There is great enlargement 
and hardening of the sjilccn and liver, there is fever, leucopenia, anemia, loss 
of weight and of general vitality. 

In dogs leishmania are rarely found in the peripheral blood and often they 
are scarce in the liver. Since the spleen is rather hard to puncture in dogs, 
bone marrow is often collected by trephining one of the long bones of the 
legs (i). 

Immunity. Animals that recover from leishmaniasis are said to be immune 
thereafter. The mortality of the disease has been markedly reduced by the 
use of tartar emetic for treatment. This is given intravenously and has a 
markedly specific effect upon the parasite. 
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The Non-Pathogenic Trypanosomes 

TRYPANOSOMA LLWISI 

This species of tryp.inosome occurs in wild rats the world over and can very 
easily be transmitted by artificial inoculation to white rats The rats show very 
little evidence of the infection, as a rule, hul some slrains .ippcar to possess 
some pathogenicity 

Morphology. Shortly after inoculalion the forms which .ippear in the blood 
vary greatly in appearance from Icishmania-hkc ceils to very bro.i(i trypano- 
somes with long tl.igclla After 
the muliiplicativc stage has 
passed, the individuals become 
much moie unilorm in size and 
sh.ipe As seen in unst.iined 
blood, they aie exceedingly ac- 
tive, dashing here and there, 
knocking the cells ahout 1 he 
parasites are ahout 25 microns 
long, have pointed ends and a 
curved body The kinctoplast is 
situated at some distance from 
the posterior end The nucleus 
IS a little forward of the center 
of the body. The undulating 
membrane is not markedly 
folded and thus the flagellum 
IS fairly straight The sharp pos- 
terior end and the curved body 
gives this species a characteris- 
tic appearance 

During the multiplicative pe- 
riod parasites in various stages 
of development may be seen in the blood. Division of the kinetoplast first 
occurs, followed by that of the nucleus Two flagella are now formed and the 



Fig 9) Trypanosoma leivist Slained blood 
film from a naturally mfecied wild rat This 
trypanosome is relatucly lung and slender and 
It has a long flagellum which may Ire seen ex 
tending from the anterior end which is upper- 
most in the phou<gra)ih The nucleus is seen in 
the anterior pan of the cell aiul the kinctoplast 
near tlie |x>sicrior end The undulating mem- 
brane with the flagellum in its free margin may 
be seen along the left hand side of the cell x 600. 
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cell splits between them forming two individuals. Before one division is com- 
plete others may begin, hence compound structures sometimes are seen. 

Cultural Features. T rypanosoma lewtst is readily cultivated in N N N. me- 
dium All of the forms of the trypanosomidae are produced in cultures, the 
trypanosome-form gradually giving way to the simpler ones. The virulence 
for rats is maintained for a long time 

Transmission. Various rat fleas are the transmitting agents Infection is not 
conveyed by the bite, however, since the mouthparts of the fleas are not in- 
fected. Infection apparently occurs through the ingestion, by the rats, of fecal 
material from the fleas, or from ingestion of whole fleas The newly-infected 
flea does not become immediately infective for rats. The parasite undergoes 
definite cyclical changes in the flea which require about six days for com- 
pletion, and before the infective stage is again reached 

Immunity. The scrum of rats which have recovered from infection with Tr. 
lewtst agglutinates and frequently lyses suspensions of the organism In agglu- 
tination the parasites form clumps in which the individuals arc attached by 
their posterior ends. The scrum of recovered rats inhibits the development 
of the parasites in culture. 

trypanosoma melofhagium 

This trypanosome occurs in a large percentage of all sheep, in some flocks 
occurring in 8o per cent or more of all animals It is similar to Tr theileri in 
form and size and in the fact that it is wholly non-pathogenic It undergoes 
Its life cycle in the sheep “tick” or ked Infection of the sheep is not through 
the bite of the insect since the he.ad parts are not infective but rather the lower 
parts of the insect’s intestine Infection apparently occurs through the rubbing 
of the excrement of the ked into bite wounds or other abrasions of the skin. 

The parasite is found rather sparingly in the blood of the affected sheep 
but can be demonstrated readily with the cultural method described under 
Tr theileri In the ked the parasite develops in the intestinal canal largely 
in the cnthidia form If all keds are removed from an infected sheep, the 
parasite rather quickly disappears from the sheep’s blood, showing that the 
reservoir of the infection is really the ked 

TRYPANOSOMA THEILERI 

Synonyms’ Trypanosoma americaattm. Trypanosoma fran^it, and others. 
Theiler, in 1903, found a large trypanosome m the blood of a cow which 
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apparently was normal. Laveran later named it Tr. thetleri in honor of it’s 
discoverer. Many observers in later years have seen such trypanosomes, and 
many new names have been given to them. All of these may not be identical 
with Theiler’s but they are similar in morphology and similar in that they 
are non-pathogenic to their hosts. 

Morphology. This is a very large trypanosome, some individuals measuring 
as much as 6o to 70 microns in length Others are only half as large. 

Transmission. The parasite evidently is transmitted by several types of 
blood-sucking flies. Tabanids have definitely been incriminated in a few 
cases. 

Pathogenicity. Cattle seem not to be affected in any way by the presence of 
the trypanosome and no other animals are known to harbor it The parasite 
usually IS very scarce in the blood, so scarce that it can be found only oc- 
casionally on direct microscopic examination In case the parasite cannot be 
found. It may often be demonstrated culturally by using a simple technique. 
One part of the animal’s blood is secured astplit.illy and added to two parts 
of plain infusion broth The tube is incubated at 25® C or at room tempera- 
ture In about one week growth of the trypanosome becomes evident as small 
whitish colonics which lie on the surface of the mass of sedimented bkxid cells, 
contrasting sharply with the dark color of the blood In these colonies every 
flagellate type from leishmania to large trypanosomes are seen In many 
areas 50 to 75 per cent of the cattle may be shown in this way to be harbor- 
ing Tr. thalcri 

AVIAN TRYPANOSOMES 

Trypanosomes occur quite commonly in many species of wild birds. They 
are very rare in the domestic species. Many of these trypanosomes have been 
given specific names, especially related to the host in which they are found but 
these are not of importance in this work 
The morphology varies considerably The transmitting agents generally 
are not known In some cases mosquitoes have been incriminated. The degree 
of pathogenicity in most instances is not high, and many of them seem to be 
practically harmless. 

The bird trypanosomes arc readily cultivated in N.N.N. medium and 
even on the surface of blood agar plates. Infections can often be diagnosed 
by cultural means when the organisms arc not readily found microscopically. 
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The Pathogenic Trypanosomes 

^TRYPANOSOMA BRUCEI 

This trypanosume was discovered by Bruce in 1895 and is the cause of a 
destructive disease of domestic animals which are taken into many parts of 
the African continent, notably Rhodesia, the Sudan, Uganda, Tanganyika, 
and, in general, nearly all parts of tropical Africa The disease is called nagana. 
Some differences arc noted in the manifestation of the disease in different 
areas, and there arc morphological differences in the parasite, however it is 
thought that these are only varieties of the same species. 

Morphology. Tr. hrucet varies considerably in shape and size, even in the 
same host. There is a short broad form without a flagellum, a long slender 

form with a long flagellum and 
an intermediate form In some 
of the broad forms the nucleus 
IS displaced posteriori), espe- 
cially when the parasite is grow- 
ing in rats, mice, and guinea 
pigs and this characteristic is 
of some diagnostic import.ince 
The parasitic cells average 22 
microns long but they vary 
from 12 to 35 microns 

Transmission. Tr hiicei is 
transmuted by the tsetse fly, 
Glossmta morsnans, and other 
species of glossina, as was show n 
first by Bruce in 1S97 These 
flics may transmit the disease by 
contamination, 1 e, by carrying 
the blood parasite directly from 
one animal to another A short time after feeding on an infected animal, how- 
ever, the fly becomes non-intective and remains so for 18 to 20 days It then 
again becomes infective and remains so for the remainder of its life During 
this time the trypanosome undergoes cyclical changes in the fly, first in the in- 
tesune, then in other organs, and finallv it reaches the salivary glands Here 
the crithidia forms await the opponunitv to infect a new host at the time the 
next blood meal is taken by the host 



Fic 94 Trypanosoma hriuet Two parasites 
in a stained lilood him of an ariihci illy infected 
rat I his irypanosomc is rather hruad and the fla 
gellum IS short x Iiiki 
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Reservoir Hosts. In his early investigations in Zululand, Bruce showed that 
the tsetse flies were infective for dogs which he had taken into the country 
with him Since there were no domestic anim.ils in the area it was obvious 
that there were reservoirs of the infection in some of the wild animals which 
were abundant there Later studies showed that about yi per cent of the 
wild animals harbored the parasite in small numbers apparently without 
being materially harmed by them 

Pathogenicity. Horses, mules, cattle, sheep, goals, swine, dogs, and cats arc 
naturally susceptible to nagana The disease is most severe in animals of the 
horse family, in swine, and in dogs Ihese animals usually die from the disease 
in from two ss'eeks to three mtinths Cattle arc more resistant, although most 
infected individuals eventually die, if untreated Sheep and goats are still less 
susceptible By inoculation, 7'r hrucet is the most virulent of all trypanosomes 
It will infect practically all mammals, except certain races of monkeys and 
man Even man is occasionally infected 

Nagana gets its name from a native word which signifies weakness The 
disease is manifested by swellings around the neck ant! legs, fluctuating fever, 
loss of appetite, and muscular weakness The affected animals become very 
anemic and the mortality rate is high The parasite is found tn large numliers 
in the bone marrow after death but only a lew can be found in the blood 
stream 1 he spleen is greatly enlarged and the pericardial sac usually is filled 
with fluid. 

TRYPANOSOMA RHODEStENSE 

Human trypanosomiasis occurs only in restricted areas of Africa, especially 
in lowlands close to the water courses in the more tropical parts of the conti- 
nent In some of these areas the causative agent is a trypanosome which can 
be distinguished morphologically from those which infect animals. Further- 
more while most of the domesticated animals can be infected with this trypa- 
nosome, experimentally, the infections ordinarily arc mild and the parasites 
so few in them that they can be demonstrated in many cases only by inoculat- 
ing blood or tissues into the smaller, more susceptible, animals This parasite 
IS regarded as a definite species and is known under the name Trypanosoma 
gamhtense The human infections arc chronic, leading to final emaciation, 
weakness, and encephalitis which give? to the disease its common name, 
“sleeping sickness,” This parasite, like those of animals, is transmitted by 
members of the tsetse fly group 

In some areas where nagana is prevalent and severe, human cases are practi- 
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cally unknown. In others, however, human cases are frequent and much more 
acute and fatal than the typical sleeping sickness disease. These cases are 
caused by trypanosomes which morphologically are like Tr brucet. Strains 
derived from such cases when inoculated experimentally, produce severe ani- 
mal infections, which resemble nagana in every way Some workers prefer 
to look upon this parasite as a distinct species and have called it Tr. rhodesi- 
ense. Others regard it as a strain of Tr brucet which has become specifically 
adapted to man It is suspected that this form is harbored by wild animals 
and causes disease of man and his domesticated animals alike 

TRYPANOSOMA CONGOLFNSE 

This IS a small trypanosome which affects cattle, horses, pigs, and dogs in 
many parts of tropical Africa The parasite aver.iges 14 microns in length, 
varying from 9 to 18 There is no flagellum, that is, the axoneme or in- 
tracellular part of the flagellum is present, arising in the kinctoplast .ind 
running along the margin of the undulating membrane, as usual, but it does 
not extend forward as a free whip or lash as in most forms The nucleus is 
located in the middle of the cell 

Tr cottgolense produces a chronic wasting disease associated with fever 
and anemia Transmission is by means of several species of tsetse flies in which 
a definite life cycle occurs Wild game animals are the natural reservoir of 
infection. 

TRYPANOSOMA VIVAX 

This trypanosome is widely distributed throughout the tsetse fly areas of 
Africa Wenyon found 76 per cent of the humped cattle of the Gold Coast of 
West Africa to be infected It occurs most commonly in cattle, sheep, .ind 
goats, but also affects horses The disease is similar to, but less virulent than, 
that caused by Tr. cottgolense, nevertheless the average mortality is high 
Dogs, guinea pigs, rats, and mice are refractory to inoculation The disease is 
transmitted by several species of tsetse flics in which a definite life cycle oc- 
curs Antelopes and other members of the deer family constitute the natural 
reservoir of infection 

Tr tnvax obtained its specific name from the fact that it is an exceed- 
ingly active parasite It measures from 18 to 26 microns in length The, 
posterior end of the body is broader than the anterior, consequently the greater 
part of the cytoplasm lies posterior to the nucleus. The undulating membrane 
IS less well developed than in most trypnosomes The flagellum, as a conse- 
quence, IS straighter than usual. 
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TRYPANOSOMA EVANSI 

This organism is the cause of a disease which occurs principally in southern 
Asiatic countries and is known under the name of suira The disease is most 
virulent for horses but also affects camels, elephants, and dogs Cattle and 
the water buffalo (carabao) are susceptible but the disease in them is very 
mild and recovery generally occurs Man is not susceptible 

The disease occurs in India, Burma, Ceylon, South China, Siam, Sumatra, 
Java, the Philippines, Madagascar, Persia, and Arabia Infected horses have 
been imported into Australia and the United States but vigilance has pre- 
vented the disease from getting a foothold A disease of camels, which ap- 
parently IS surra of a mild type, occurs in the French Sudan, Algeria, and 
Egypt. It affects horses as well as dromedaries, the disease being milder in 
this species than in Asiatic camels 

Morphology. The trypanosome of surra is of more uniform morphology 
than those of the African animal disc.iscs. It averages 25 microns in length 
The body is slender, both ends are pointed, and the binly usually is bent into 
the form of a crescent. The nucleus is centrally located and the fl.igellum is 
long It IS actively motile in blood 61ms 

Reservoir Hosts. The water buffalo and other ruminants are the reservoirs 
of infection in Asia Camels in other areas are chronic earners The greatest 
losses occur in horses, especially military animals, which arc brought into 
infected areas and quartered near herds of water buffalo 

Transmbsion. Surra is transmitted by a number of blood-sucking flies, prin- 
cipally members of the group of Tahamdae, or “horse-flies." There is no evi- 
dence of any kind of life cycle, such as occurs in the tsetse flies infected with 
the African trypanosomes, in the case of Trypanoioma evansi. Apparently 
transmission is a purely mechanical process Flies held in captivity for a few 
hours after feeding on a surra-infected animal lose their ability to infect other 
animals. BltKid-sucking arthropods other than horse-flies have been incrimi- 
nated experimentally as potential spreaders of surra but there is little evidence 
to indicate that any of them have been important natural spreaders. 

Pathogenicity. The natural disease is almost always fatal for horses, death 
occurring in from a week or two to as long as six months after the date of 
infection. The affected animals exhibit fever, weakness, wasting, anemia, and 
edematous swellings. The disease in camels and elephants is similar, but 
considerably more chronic. Cattle and buffalo are readily infected but the 
disease does little harm to them Dogs are highly susceptible and heavy losses 
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have been reported in kennels of hunting dogs. Ticks and fleas have been be- 
lieved to be the principal transmitting agents among dogs. 

Rats and mice are highly susceptible to inoculation and usually die in about 
one week with massive invasion of the blood stream Guinea pigs and rabbits 
are more resistant but usually succumb to the disease, without showing great 
numbers of parasites in their blood, in from one to four months. 

TKYPANOSOMA EQUINUM 

This parasite is the causative agent of a disease known as mal-de-caderas, 
which occurs in Brazil, Bolivia, Paraguay, and Argentina in South America. 
The disease affects horses principally Mules are less susceptible than horses. 
Cattle, sheep, and goats have the disease in a very mild form 

Morphology. Trypanoioma eqmnum resembles Tr evanst very closely It 
IS regarded as a variant of the Asiatic species It has one remarkable feature 
and that is the fact that it does nut have a parabasal body This is the only 
species which lacks this structure The parasite measures about 22 microns in 
length and shows the general features already described for Tr evanst 

Transmission. This trypanosome prob.ibly is transmitted by blood-sucking 
flies of the Tabanid and Siomoxys groups 

Reservoir Host. In the mal-de-caderas districts lives a large rodent, the capv- 
bara. This animal appears very much like a giant guinc.i pig It is found along 
the water courses It has been noted that this animal often suffers severe 
epizootics III which a trypanosome indistinguishable from the one of mal-de- 
caderas occurs It IS thought that the capybara may serve as a reservoir of 
infection for domestic animals 

Pathogenicity. The name, mal-de-caderas, refers to a weakness of the hind 
quarters and calls aitention to one of the prominent symptoms of the disease 
in the horse. Emaciation, weakness, conjunctivitis, remissions of fever, and 
edematous swellings are seen The disease is fatal to horses in from one to 
four or five months Rats and mice and other small lalxiratory animals may 
be readily infected experimentally. 

niyPANOSOMA HIPPICUM 

This trypanosome is the causative agent of murrtna or derrengadera, a dis- 
ease affecting horses and mules in the Panama Canal Zone, in the Republic of 
Panama, and possibly tn the Republic of Colombia. The disease is spreading. 
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Morphology. Trypanosoma htppicum is indistinguishable from Tr. evanst 
and from Tr venezudense which will be described next. Both of these species 
are considered to be variants of the trypanosome of surra. 

Transmission. The disease can be transmitted by blood-sucking flies particu- 
larly those of the Tabanid family. It is interesting to note, however, that an 
important means of transmission, perhaps the most important means, is the 
vampire bat This creature (Desinodus rotundas) is a vicious blood-sucker 
which preys upon livestock at night by alighting on their bcuks and punctur- 
ing the skin in the region of the withers with their sharp incisors These bats 
also prey upon e.ich other The trypanosome infects these bats, producing a 
disease which is fatal to them in from nine to twenty-seven days While in- 
fected they continue to prey upon animals, transmuting the disease to them 

Reservoir Hosts. Cattle and the native burro appear to be im(x>rtant reser- 
voirs of infection 

Pathogenicity. The symptoms in horses are characteristic of trypanosome in- 
fections in general There is irregular fever, progressive emaciation, anemia, 
slight icterus, weakness, and edema of the lower portions of the body. Death 
usually occurs after several weeks or months The mortality is very high. Cattle 
and the native burro contract the disease but in them it is very benign and 
recovery occurs 

A large variety of animals can be infected by inocul.ition, most of them 
fatally Cattle, sheep, goats, and swine can be infected but recover Cats, bur- 
ros, deer, and the wild hog (peccary) develop very chronic infections. Chick- 
ens are resistant 

TRYPANOSOMA VENEZUELENSE 

This trypanosome occurs in Vene^ucki where it causes a disease of horses 
and dogs which resembles surra. The piarasitc is indistinguishable from those 
of surra and murrina, and it is doubtful whether it should be regarded as a 
separate species Rangel, the discoverer, claims that the parasite occurs nat- 
urally in Venezuela in the wild dog, the capybara, and a type of howler 
monkey. 

THYPANOSOMA EQUIPEROUH 

This parasite affects horses and members of the horse family in which a 
serious disease known as dourtne, or maiadte du cott is produced. The disease 
IS transmitted almost exclusively by sexual contact, in which respect it is 
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unique among the trypanosome diseases Dounne is the only trypanosome 
disease of importance in the United States The infection had long been 
known in Europe. About 1850 it became prevalent in France It was first 
recognized in the United States in 1885 by Williams, in DeWitt County, 
Illinois. It IS believed that it was imported from France in 1882 in an in- 
fected Percheron stallion. Ikfore it was recognized the disease had been 
spread from the region in Illinois where it was first recognized to other areas 
It later appeared in Nebraska, Iowa, North Dakota, South Dakota, and the 
western provinces of Canada. Still later it was recognized in New Mexico 
and Arizona and, very recently, in southern California It is presumed that 
the infection in all of these localities had its origin in the early focus in Illinois. 

By the use of the complement-fixation test and the destruction of all re- 
acting animals, the disease was brought under control and by 1920 it was 
believed to have been eradicated. In 1941, however, some infected animals 
were found in Arizona and southern California It is believed that the dis- 
ease had existed in the intervening period in horses owned by Indians living 
in isolated areas of the southwestern deserts The infected area is small, 
hence the vigorous efforts which arc now being made to stamp out the dis- 
ease should succeed within a short time. 

Morphology. The trypanosome of dounne resembles that of surra It varies 
in length from 25 to 35 microns 

Transmission. Dounne is transmitted from stallion to mare and from mare 
to stallion by contact of the mucous membranes of the genital tract during 
coitus It has been proved, too, that the disease can be transmitted by blood- 
sucking flics (Tahanidae and Stomoxys), but fly transmission appears to be 
the exception rather than the rule 

Reservoir Hosts. Members of the horse family are the only animals that 
are known to contract infection naturally. There is no reservoir, thcrelore, 
other than naturally infected horses 

Pathogenicity. The disease is chronic in nature. In tropical climates it has 
a tendency to be more acute than in cooler regions. The disease may continue 
for months or years, the affected animals alternately improving and relapsing. 
Finally emaciation and nervous symptoms make the animals worthless, and 
usually they are destroyed when this stage has been reached. 

The symptoms begin with swellings of the genitalia The prepuce, penis 
and testicles of the stallion become swollen and reddened. The vulva and 
vagina of the mare swells and emits a mucoid discharge. In these discharges 
the trypanosome generally can be found, and it is through them that the 
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disease is transmitted during coitus After the acute signs in the genital tracts 
have subsided, peculiar raised plaques of the skin appear. These are frequently 
called “dollar” plaques because they have the feeling of a disc, like a silver 
dollar, under the skin. They vary m size from ones much smaller than a 
Silver dollar to ones which arc several times as kirge These appear quickl) 
and disappear within a few hours or after several days to be replaced b) 
others At this time dcpigmen- 
tation of the mucosa of the 
genital tract may occur Symp- 
toms of paralysis gradually de- 
velop, an inconstant fever oc- 
curs, emaciation progresses, and 
death occurs 

Tr eejutperJum often is dif- 
ficult to demonstrate in cases 
of dourine The trypanosome is 
present in the blwid in very 
small numbers, this probably be- 
ing the reason why the disease 
IS not more often insect-borne 
It may he demonstrated during 
the acute stages of genital swell- 
ing in the mucoid discharge, 
and It may often be demon- 
strated by scarifying and squeezing the dollar plaques. The edema fluid often 
will show parasites 

Tr equtperdttm is readily inoculablc into dogs as a rule, and in diagnostic 
tests, a dog may be given from loo to 200 cc of bkaid or other fluids from 
the suspected horse Not all strains will infeet dogs, however, so a nega- 
tive test IS not conclusive Rabbits are fairly susceptible — much more so than 
guinea pigs, rats, and mice The latter can sometimes be infected, in which 
case the strain may rapidly become adapted to growing in them. 

THE DIAGNOSIS OF TRYPANOSOMIASIS OF ANIMALS 

Diagnosis of trypanosome infections of animals depends upon the recog- 
nition of the clinical symptoms and the finding of the parasite in the blood 
films. Frequently it is impossible, even though thick films have been ex- 
amined, to find the parasites This is especially true in dourine. In these cases 
the complement-fixauon test often is useful. 

Dourine has been eradicated from all of Canada and from all of the United 
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States except for a small area in the southwest, by the use of the complement- 
fixation test and the elimination of all reacting animals. The test is done in 
the usual manner except for the preparation of the antigen For antigen, a 
suspension of Tr eqtttperdum is made from the blood of heavily infected 
white rats. 7 'he rats are inoculated and killed when their blood is teem- 
ing With the parasites The blood is drawn into a citrated-saline solution 
and centrifuged at high speed The greater number of trypanosomes will be 
found as a whitish layer on top of the packed red cells but many will be 
mixed with the cells The supernatent serum, which is practically free of 
parasites is discarded, and the tube is filled with distilled water which will 
hemolyze or lake the erythrocytes A second centrifuging will give a small 
amount of sediment which consists largely of trypanosomes, leucocytes and 
cellular debris. This material is washed with saline solution and then sus- 
pended in saline solution containing 50 {ler cent glycerin This constitutes 
the stock antigen 

Complement-fixation with trypanosome antigens is not strictly specific 
since one may obtain cross reactions between certain species Positive fixation 
therefore is indicative of trypanosome infection but one usually needs to 
determine the infecting species by other means In the United States the test 
has been very useful in detecting (kcuIi easts of dourinc that may not be 
detected in any other way 

TREATMENT OF TRYPANOSOMIASIS IN ANIMALS 

Serological treaimcnt of trypanosome infections has been very disappoint- 
ing. In not a single instance has it Ixcn possible to effect a cure by scrum 
treatment Much more encouragement has liten met with in the treatment of 
these diseases with chemotherapeutic agents The chemotherapeutic attacks 
on the trypanosomiases were among the first attempts to attack infectious 
diseases in this way. 

The most successful comixiunds have been those of arsenic and antimony 
Arscnious acid was used quite early but it was too poisonous to the host to 
make it a successful remedy Atoxyl, an organic arsenic compound introduced 
in 1905, proved to be a great improvement and it was extensively used Anti- 
mony, in the form of sodium-antimony-tartrate (tartar emetic) also proved 
useful In the case of both of these drugs, the blood-stream may be readily 
cleared of trypanosomes but after a few days they usually reappear Many 
small doses of arsenic and antimony, given alternately, may bring about a 
cure but often the compounds gradually lose their effectiveness because the 
parasite tends to develop a tolerance to them. This is a phenomenon known 
as “drug-fastness." 
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In 1920 the Bayer dye corporation in Germany announced a new synthetic 
trypanocidal substance under the name of Bayer 205. Later it was named 
Germanin. The formula was kept secret hut French workers apparently have 
been able to duplicate the material. It 1$ a non-metallic comiiound having a 
large molecule and with urea as its base This material has proven very effec- 
tive in sterilizing the blood in many, but not all, types of trypanosome infec- 
tions Unlike previous compounds, the action of this compound on the body 
IS prolonged. In the United States, Louise Pearce developed another com- 
pound which has been very useful in treating some of the human trypanosome 
infections This substance is known as tryparsatmde, which is the sodium salt 
of N-phenylglycine-p-arsonic acid. 

The compounds mentioned above are effective, some on one type of trypano- 
some, some on others In general it seems to be true that drug treatment 
of human trypanosomiasis has been more effective than in those of animals. 
Trypanosoma brucet infections of animals have proven especially refractory 
to treatment All of the drugs mentioned have been used on animals with 
varying success. Tartar emetic, administered intravenously, probably is the 
most common type of treatment for animals Although this drug often does 
not eliminate the disease, it serves to reduce the number of parasites and im- 
prove the condition of the animals When relapses occur later, as they usually 
do, a new course of intravenous injections is given. 
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THE MASTIGOPHORA {contmued) 


The Trichomonads 

The triLhcimonads arc flagellates characterized by the possession of a vari- 
able number of flagella, a definite cytostome (an opening into the cytoplasm 
through which food particles are ingested), and a hyaline rod-shaped support- 
ing structure known as an axostyle which arises from the blepharoplasts an- 
teriorly and passes backward through the body to the posterior end from 
which It usually protrudes In some species one flagellum is directed, back- 
ward and there is a well developed undulating membrane These organisms 
frequently are quite pleomorphic and may easily be confused with other types 
of flagellates The body usually is more or less pear-shaped Reproduction is 
by means of binary fission Under unfavorable circumstances the organism 
may assume a spherical form surrounded by mucoid m.ilerial. This is known 
as cncystmcnt 

Members of this group arc rather widely scattered through the animal 
kingdom as parasites, involving many invertebrates .is w'cll as vertebrates 
Many forms have been found in the intestinal canal of animals There is dis- 
agreement regarding the pathogenicity of some of these If they are patho- 
genic the disease-producing power is low. Trichomonas hornims occurs in the 
intestines of man Apparently it is relatively harmless Trichomonas vaginalis 
occurs in the vagina oi women where it causes a vaginitis accompanied by a 
whitish secretion Ihe disease is commonly called leucorrhoca. The species 
of importance in animal pathology are Trichomonas fetus in cattle, Tricho- 
monas galimae and 1 richomonas galUnarum in birds. 


TRICHOMONAS FETUS 
Synonym: Trttnehomonas fetus 

This organism causes early abortions, pyometra, and sterility in cattle. The 
parasite was recognized early tn the 20th century in Europe but its signifi- 
cance was not appreciated until about 1925 In 1932, Emmerson (3) described 
the parasite and the condition caused by it in the United Stales for the first 
time. It quickly became apparent thereafter that the disease existed in nearly 
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all parts of this country) although the total of all infected herds apparently is 

not great 

Morphology. This [larasite normally is spindle- or pear-shaped but there is 
considerable plcfimorphism, some forms appc.inng almost spherical. It aver- 
ages about i6 microns in length, the variation being from lo to 25 microns. 
The width usually is from tme-third to two-fifihs of the length. 

There are three anterior flagella instead of the four which occurs in most 
members of the inchomonad group and because of this fact Ricdmullcr (8) 
proposed the generic name Tritnehomonas These flagella originate in a 
blepharoplast located in the extreme .interior part of the body They extend 
forward as free lashes which are approximately as long as the cell btxly 
1 he iwstenor flagellum originates in the blepharoplast, runs along the free 
margin of the undulating membrane, and extends posteriorly as a free flagel- 
lum Ilf about the s.iinc length as the anterior flagcll.i The nucleus is large 
and IS loc.itcti somewhat anterior to the center of the cell The axostylc ex- 
tends axtallv from the blepharoplast to the posterior end of the cell It is a 
tubular structure with an expanilcd |>ortion anienorlv It projects from the 
jiostcrior end of the cell as .1 pointed structure which ends in a slender spine 
1 he mouth or cytostome is not easilv seen It is triangular when open, lo- 
cated at the anterior end of the cell, ventral to the bleph.iroplast The cyto- 
plasm of this species IS raihcr dense ami only slightly vacuolated Rounded 
individuals arc seen which supcrficiallv resemble cysts but it is doubtful if 
true cysts arc formed A detailed description of this species is found in the 
paper of Wenneh and Fmmerson (9) 

CiixmI stained prcp.ir.iiions arc difficult to obtain Wet fixation must be 
employed otherwise ihc cells arc so shrunken and distorted as to be unrecog- 
nisable In fresh preparations the motilitv is so great as to make accurate 
observations difficult The lV|x; of inuiilitv exhibited is, however, so charac- 
teristic that an experienced observer can recognize them without difficulty. 
The organism rotates counter-clockwise as it progresses forward, jerkily, 
along an irregular path. 

Cultural Features. Inchomonas frtiis is readily cultivated artificially but 
there may be difficulty in obtaining pure cultures from exudates in which 
bacteria arc also present. Glaser and Curia (4) made use of a scmi-solid 
medium in U-tubes, tor purposes of isolation The motile flagellates outdis- 
tanced the more slowly moving baaena and appeared in the opposite arm of 
the U-tube before the bacteria Andrews and Lyford (i) used this method 
successfully. They also succeeded in obtaining pure cultures by inoculating 




Fic q 6 MorpliuluKV of Ti u homonas /</«> (i to 3) Typical individuals i and 3, side 
views, a, dorsal view, showing spiral course of undulating membrane 

(4 and 5) Left side and right side views, respectively, showing parabasal body 5 
shows cytosiome 

(6 and 7) Individuals showing included food bodies 

(8) Individual stained with Gicmsa Note heavy staining of nucleus and axostylar 
granules 

(9) Leucocyte containing an ingested Sagcllate 

Drawings were outlined with the aid of a camera lucida Magnification about x 2500. 
From plate by Wenneh and Emmerson (Courtesy of louriial of Morphology ) 
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soft media in Pctn dishes and depending upon the flagellates to migrate from 
the point of inoculation more rapidly than contaminating forms 

For obtaining and maintaining pure cultures, coagulated whole egg slants 
upon which a few cubic centimeters of defibrmated blood mixed with 
Ringer’s solution has been added, is satisfactory LoefHer’s blood serum slants 
or liver infusion agar slants may be substituted for the egg medium Growth 
occurs in the fliiul part of the medium The appearance of the parasite is es- 
sentially the same as that of parasites grossing in exudates Whole blood is 
not necessary for growth Strum may be substituted, or both scrum and blood 
may be climinattd 1 he organism will gross' aetivtly for a short time in serum 
dcxirnsc broth Morisita (6) found ssholt egg slants covered with neutral 
broth containing 5 per cent dextrose to be a favor.ihlt medium 

The best ineuhatioit temperature is from ^o 10 ^7" C Acid and gas are 
produced in dcsirosc, laettisc, maltose, galatlost, m.innosc, saceharose, raf- 
hnose, dextrin, and starch media Glycerol, adonitol, dulcitol, mannitol, and 
sorhiinl are not ait.iektd C uliures on tgg-Ringir-lilood inetlium svill remain 
viable for about one month Those on simpler media often die out in a fesv 
days 

Nelson (7) suetteded m propagating Tr fetth in the allantoic cavity of 
the developing chick emiirso Profuse gross tli was obtained About 25 per 
cent of the embryos died svithin the first four elays 

Pathogenicity. This flagellate is transinitud as a true venereal infection in 
cattle The cosy is infccietl at the time of toiuis Irom an infected bull, or vice- 
versa (2) The disease nia> nrtl> be spread in other ssays 

1 he afTccIcd eeisv mav shosv some cvidenec of vaginitis shortly after infec- 
tion oeciirs but usualls this is oserltxikcd 'Ihc infection begins in the vagina 
and soon inv.Klcs the uterus As a result of this the ammal.may fail to con- 
ceive If conception occurs the animal mav .abort .as a result of the infection 
svithin twei to four months lu other eases the fetus elies but is not discharged, 
in which case it liecomcs maccraicil ind lies m a thin, nearly odorless fluid in 
wbieb m.iiiy tnehomonads often m.i) be found, and from which pure cultures 
may lie obtained 

Non-pregnant cattle may readily be infcetcd by introduction of the parasite 
into the v.igina but in these eases the disease is transitury and the flagellate 
can rarely be found after one or two months The disease tends to die out 
rather quicklv in the infected cows but is mainiame-tl m herds by infected 
bulls in which the disease becomes chronic In bulls the organism is found in 
the prepuce and on the penis In some cases the epididymis and vas deferens 
becomes involved. 
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Immuiiity. Nothing is known about immunity to this disease. The disease 
ordinarily 1$ controlled by disposing of infected bulls and withholding all 
breeding operations on infected females for three months. 
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TRICHOMONAS GALLINAE 
Synonyms Tr columbae, Tr Jtversa 

A disease of young pigeons caused by a triclumionad was first dcscriljcd by 
Rivolta, in Italy, in 1878 This parasite has long been knosvn under the name 
of Trichomonas cohtmhae but rctcntiy Stabler (6) has called attention to the 
fact that the name Cercamonas gallinae applied by Rivolta had priority, so far 
as the specific name was concerned, therefore it should be known as Tricho- 
monas gallinae 

A disease affecting the upper digestive tract of young turkevs and causing 
serious losses at times has been known for some years lo be caused by a tri- 
chomonad Volkm ir (8) who suggested the causative connection of the flagel- 
late to the disease process suggested the name Trichomonas iliversa, by which 
It has been generally known Comparing the organisms from pigeons and 
turkeys. Stabler (7) could find no significant differences Furthermore he 
found that he could readily infect turkeys with strains derived from pigeons, 
hence he concluded that the two organisms are identical. 

Levine and Brandly (4) encountered a disease of young chickens which 
resembles that of turkeys quite closely. They concluded that the causative 
agent, a trichomonad, was probably the same as that which occurs in pigeons. 

Morphology. This organism is nearly round as a rule. Occasionally it is 
pear-shaped It measures from 7 to 10 microns in diameter Active motility is 
maintained by means of three or four anterior flagella, and one posterior 
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which runs along the free margin of the undulating membrane as far as the 
posterior end of the celt. In this species the flagellum does not extend beyond 
the posterior end of the cell as a free lash as it docs in most species. 

Cultural Features. Waller (9) cultivated this organism in Locke’s solution 
to which 5 per cent dehydrated Loeffler’s blood scrum had been added. 
Evidently most of Waller's cultures contained bacteria. He states that the 
presence of bacteria is not detrimental to the trichomonads providing the cul- 
tures are transferred every 24 hours Pure cultures were obtained by Cauthen 
(i), Stabler (7) and others In Locke-egg-serum medium, and modifications, 
this flagellate grows readily. 

Pathogen Kfty 

FOR PIGEONS The disease occurs principally in squabs from three weeks to 
several months of age The most conspieuous lesions are in the liver 1 his 
organ is enlarged and eongcsteel 1 he specific lesions consist of necrotic areas 
of a yellowish color, varying in si/e from microscopic to four or five centi- 
meters in diameter These are is txeur thrtnighout the liver tissue bui are read- 
ily seen on the surface of the organ Here they arc slightly depressed and 
smcKith The pei itonetim of the IkkIv cavity is often eroded and contains a 
sero-sanguineous fluitl Lung lesions are seen in some cases These are some- 
what like those in the liver but are softer and darker in color both solid 
lesions and the fluids contain many trichomonads 
This organism CKcurs eommonly in the crop and mouth of older birds 
where it appears to tlo little or no harm Occasion.illy ulceration of the crop 
occurs Waller believes that the squabs become infected from the adults 
through the “pigctm milk," a fluid secreted by the glands of the crop, with 
which the old birds feed their young 

FOR TiJRkFss This fl.igcllatc IS believed to be the cause of an unusual type of 
erosion of the mucosa of the crop, the upper ami lower esophagus and some- 
times the back part of the mouth m turkeys The disease is seen most often 
in mature birds but Hawn (2) noted that the young birds (poults) were 
much more susceptible to mcKulation than older birds and suggested that 
the low incidence of the natural disease in young stock is due to the unusual 
protection which is ordinarily given, in not allowing them to associate with 
older birds and in keeping them off of ground on which birds have previously 
been raised 7 his disease was first described by Jungherr (3) in 1927 but he 
ascribed the disease to the activ ities of a fungus The trichomonas associated 
with the disease was first described by Volkmar (8) who, however, presented 
Litle evidence linking the parasite with the disease Hawn (2) furnished the 
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evidence upon which this protozoan is believed to be the causative agent of 
the disease. 

This disease has been seen in many parts of the United States and probably 
occurs wherever turkeys are raised The losses sometimes arc very great The 
flagellate causing the disease has been known by the name applied to it by 
Volkmar, Tr dtversa. It is not entirely certain that the species found in tur- 
keys IS the same as that of pigeons but it seems best, for the time at least, 
to regard them as identical 

The early lesions in turkevs are found in the crop and upper esophagus. 
They appear as small, whitish nodules located in the muLous glands and 
varying in size from a 5 to 2 mm in diameter. The content is semi-caseous 
and can be expressed by pressure The lesions m.ty he so numerous that they 
may be scrajied oti from the epitlieiium as a single layer quite easily. The 
characteristic older lesions appear as necrotic areas of grayish ctilor These bc- 
tomc Lonical, horny growths which project well above the surface of the 
mucosa and .ire tipped with thorn-shai>ed processes from 1 to 5 mm in length. 
Large areas of the mucous membrane may become necrotic T he lower or 
thoracic esophagus sometimes becomes totally (xeluded bv masses of such 
material The crop usually contains a viscid, colorless mucus with a foul 
odor This fluid usually is rich in flagellates 

Hawn succeeded in setting up the charatterisiic disease in out of 56 
turkeys by feeding them with cultures of Tr gallinac which had been kept 
in cultures for periods varying from two days to seven months The cultures 
were contaminated with bacteria, but such cultures in which the flagellates 
had died never produced the disease, hence the .lulhor felt sure that the 
{lathogenic agent was the tnehomonad 

FOR cHtcKENS Levinc and Brandly (4) eiicouniered a disease which de- 
stroyed a large number of pullets on one farm Small, multiple lesions, ne- 
crotic foci, were present in the mucosa of the crops of some of the birds, larger 
lesions with thickening of the crop wall were seen in others, and in .still others 
the crop appeared to be normal In all, irichomonads indistinguishable from 
Tr galltnae (columbae) were found Attempts to transmit the infection to 
chickens, chicks, turkeys, and pigeons failed except in one case in which a 
large caseous lesion appeared in the crop of a pigeon four weeks after 
feeding 

FOR OTHER BIRDS Cauthcn found this tnehomonad present in a large per- 
centage of ring doves and mourning doves held in captivity on a farm with 
pigeons, and Stabler (5) found large numbers in the crops of five hawks. 
Since these prey upon pigeons, he believed the infection to have been con- 
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traded from pigeons. Several workers have suggested that the pigeon may 
be the normal host of 7 r gaUtnae, and that all infections of other species 
are derived directly from pigeons. 
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TRICHOMONAS GALUNARL'M 

This species, .iccording to Allen (2), is associated with a disease resembling 
blackhead in turkeys and thickens (See Histomonii> mckagruhi) She claims 
that trichomoniasis occurs as a separate disease, and th.it it is also often 
assoei.ited with histomoiiiasis, the two p.irasitcs developing in the same 
lesions Atcoreling to her the Itver lesions of trichomoniasis are yellowish and 
less well defined than those of true bl.icklie.ul and furthermore they arc raised 
above the liver surface rather than depressed 1 he general resemblance of the 
lesions tif triehomouiasis to those of histomuniasis is close enough, however, 
to cause confusion in diagnosis in mixed infections the lesions are similar 

10 those of true bl.ickhtad in th.it they have depressed centers and a mottled 
appearance, but ilieir margins in these easts arc raised and have a netlike 
appearance .Allen contends that it is jmssible to distinguish by gross inspec- 
tion alone between the liver lesions e lustd bs the pure blackhead infeetion, 
the pure triehomon.Td infection, and mixed mtcciions In addition it is possi- 
ble to euliivate the trithomonad rather e.isiU, whereas the histomonad is re- 
fractory to cultivation in pure culture The organisms may also be distin- 
guished morphuliigiealh m films from the lesions 

By feeding pure cultures of the trithomonad isolated from liver lesions, 
Allen produced 10 cases of disease in young poults out of a group of 75 Both 
cecal and liver lesions were present The blackhead parasite could not be 
found in these lesions but the trichomonad was recognized and recovered in 
culture. On the other hand she produced 24 cases of true blackhead by feeding 
cultures of Histomonas meleagriihs to 26 jKiults In the lesions in these birds 
the histomonad was present bur not the trichomonad. 
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Tr gallinarum, according to Allen, is usually found in the ceca of tur- 
keys and only occasionally enters the liver Chickens carry it in their ceca 
but only very rarely develop liver lesions In very young poults and chicks, 
a severe cecal diarrhea sometimes occurs which she lielieves to be caused 
by this trichomonad Allen suggests that the severe losses of chicks in 
flfx;ks in the northwestern states, described bv Wcin/irl (^) .ind attributed 
by him to a parasite which he called Tr ptilloiiim probably was due to Tr. 
gallinarum The following morphological facts about this parasite are taken 
from a detailed description by Allen (i). 

Morphology. The cells usii.illy arc nearly spherical, some are pear-shaped. 
They average 5 by 66 microns There arc five anterior fl.igella and another 
that runs along the border of the undulaling membrane and ends in a free 
lash The parabasal hotly is clongitcd and locatctl along the base of the 
undulating membrane The hlephaioplast consists of a small group of gran- 
ules located at the anterior end of the cell Hclow the blepharoplast and 
nucleus and located on the side of the cell ojiposite from the nucleus is the 
cyiostome, a small curving ojaening The nucleus is round or oval The |xira- 
site has a characteristic t\pe of movement which scives to distinguish it from 
other trichomonads It siiows rapid |erky motions which causes the cell to 
turn from sulc to side and often to spin around hut little or no progress from 
place to place is m.ide This is in sharp contr.isi to Tr gallinae which moves 
so rapidly as to make it difficult to follow untler the microscope 
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Hcxamita Infection in Birds 

The Hexamitae constitute a group of flagellates which differ from all others 
in that the nucleus and other structures arc duplicated This makes them bi- 
laterally svmmetrical 

The Hexamitae have pear-shaped bodies Six flagella arise from the anterior 
end and arc directed forward, two arise ^xistcriorly Du|ardin who first de- 
scribed a free-living pro'o/oon of this type thought that there were only four 
anterior and two posterior flagella, six in all, and this was the reason for the 
name which he coined for the group The name has been retained although 
It IS known that there arc, in reality, a total of eight flagella. 
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Members of the group are found free-living in stagnant water and others 
occur in the intestinal tract of frogs and mice. The only species of any im- 
portance in animal pathology, so far as is known, is the one described below. 

HEXAMITA MELEACIUDIS 

This species is thought to be the cause of an enteritis of young turkeys A 
similar disease was described by McNeil, Platt, and Hinshaw {5) in quail 
and Chukkar partridges and a similar organism found in them The turkey 
disease had been recognized as an entiiy by manv workers in various parts 
of the United States and had been generally regarded as a trichomoniasis 
The causal relationship of tbt Hexamita to it was recognized by Hinshaw, 
McNeil, and Kofoid (i) in California in 19^8 

Morphology. This organism measiires about 2 5 by 6 microns but varies 
considerably in si/c .iiid sbajit The fl.igLlla are typical in form and number 
There is no undulating membrane and this serves 10 distinguish it from the 
trichomon.ids The lack of an undulating membrane also is responsible for 
a different type of motility, .utive, but kicking the rotating movement of the 
tnehomonads This species also lacks the axostylc with its posterior project- 
ing "tail-piece," so char icteristic of trichomon.uls 

Cultural Features, There hast been no reports of the art1fic1.1l cultivation 
of this species. 

Pathogenicity. Hmsh.iw, McNeil, and Kofoid (1) (2) cl.iim that this or- 
ganism IS the cause of a disc.isc they and other authors prcMoiisly had re- 
garded as a tnclumiomasis The disease affects young turkeys and may be the 
cause of serious losses 1 he siTccicd poults .arc listless, they require more heat 
than usual, and their droppings ,irc foamy or watery, or both Greatest losses 
occur in birds from ilircc to li\e weeks ot age The course of the disease in 
individuals is from one to six class The mortality vanes from 20 to 90 per 
cent birds winch recover lose a gre.il deal of weight In the flock the disease 
usually runs its course in about three weeks 

The crop usually is cmpiy and ilie inlcsiinal content is thin and watery and 
usually contains g.is bubbles '1 he ceca frequently .appear enlarged and the 
wall of the entire intestine is flabby from lack of tone The specific lesions are 
in the upper part of the intestine (duodenum and jejunem) Areas of inflam 
matiun arc located here and frequently regions of bulbous expansion of the 
intestinal wall arc seen The other organs show no evidence of disease 

In the upper part of the intestine only Hexamita is found but in the ceca 
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trichomonads and other species of flagellates occur as well and tend to obscure 
them. The Hexamttae have been found constantly in the bursa of Fabricius. 
In convalescent cases the parasite disappears from the upper bowel but tends 
to persist in the lower m association with other flagellates Adult birds two 
years old have been proved to be earners 
Inoculation experiments using material from naturally infected birds were 
carried out by Hinshaw, McNeil, and Kofoid (2) The disease was reproduced 
regularly when Hexamtta was present and never when various other flagel- 
lates, including the trichomonad which formerly was believed to be the 
causative agent, were present without the Hexumita The authors feel that the 
failure to recognize the causative agent earlier was due to the fact that most 
workers had been studying the protozoan fauna of the lower bowel where 
the trichomonads are the most numerous and most conspicuous parasites They 
evidentlv feel that the trichomonad is purely pai.isiiic and has nothing to do 
with the causation of the disease McNcil and Hinshaw (5) showed that 
young chicks can easily be infected with H<xaniita meleagrii/is The disease 
in chicks IS rclatiselv harmless but they remain earners of the infection for 
a long time and may be the source of infection for turkeys 
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HISTOMONAS MELEAGRIDIS 

This protozrKin is regarded as the causative agent of infectious enterohepat- 
itis or ‘blackhead,” a destructive disease of young turkeys The same disease 
occurs in chickens pheasants, cjuail, and pca-fowl but these s[iecics arc rather 
resistant and large mortalities arc seldom rxperieneed in them They often 
are the means of introducing infection into lots of turkeys, however. 

The systematic relationship of this organism to other protozoa has never 
been definitely settled Originally it was thought to be an amoeba but later 
it was found to be a flagellate Wenyon classifies the organism in the family 
Monadtdae, the simplest of the flagellatesj which are practically amocba-like 
organisms except that they have rudimentary flagella. Amoeboid motility 
occurs as well as flagellar motility The flagella arise in a blepharoplast which 
IS located on the nuclear membrane, or at least very close to the nucleus. 
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Morphology. The organism is seen cmbediied m solid tissues as small spheri- 
cal txidies from 8 to lo microns in diameter A few cells arc larger. These 
cells possess a rather small nucleus, usually located excentncally, and a small 
“extranuclear" body which was noted quite early (19) but whose function 
was not known until recently 

When small hits of tissue containing the parasites arc placed on a warm 
slide and crushed in warm fluid, the organisms can be found in abundance. 
They arc quite transparent Amoeboid activity can readily be seen if the slide 
IS kept at rt temperature of 41'' C . which is the body temperature of the bird, 
but there is little if the temperature is kept at 57" C This usually is the only 
type of motility exhibited by parasites removed from the tissue lesions If the 
material is taken from the lumen of the intestine (cecum) the parasites re- 
semble those scxin in tissue preparation except that a different type of motility 
IS present The organisms rotate in .1 jerky maimer, always going anti-clock- 
wisc, each sudden jerk turning the cell approximately 4‘5 degrees Ty77er (14), 
who first observed this motion, correctly decided tb.it it could be caused only 
by a kinetic apparatus within the cell It is a fl.igellar motion, quite different 
from the amoeboid motion exhibited by the tissue par.isitcs Tyzzcr noted 
that when warm-stage preparations were left standing for several hours, the 
original amrxboid activity gr.t<lu.illv gave wav to the puls.iiing, jerky vartety. 
Properly stained preparations indic.itc that the cells living free m the intestinal 
lumen have one, sometimes three or four, fi.igella These arc not seen on the 
tissue inhabiting parasiits 

'1 he smill "extranuclear' hotly seen by early ohsirvers is the blcjiharopkist 
This IS lociletl on the luiele.ir mcmhruu or near the luicleiis The fl.igellum 
or flagella arise from it These art rudimcntarv s'riictures whith often do 
not protrude Ixvond the cell wall There is no undulating membrane or any- 
thing comparable to an axostslc or a cytostome 

The parasite of blackhead was first described by Theobald Smith (it), who 
gave It the tiamc Antoiha melea^nthy, since it icstmhled amtxba more than 
any other type of protozoa Hadity Ijclicvctl the org.inism to be a stage m 
the life cycle of a coccidium anti then changed his mind and decided it was 
a tnehomonad Tyzzer (14) showtel that it wms not any of the types which 
It had previously been considered to lie but differed from any other protozoon 
known, hence he created a new genus for it, Hi}lomona> 

Cnltural Features. The first to cultivate the protozoon of blackhead was 
Orbohlav (7) The medium used was blood agar slants covered with Locke's 
solution, ami coagulated egg medium covered with the same solution Later 
he found that slants made of coagulated egg albumin covered with a blood 
broth containing 1 per cent peptone was better than either of the original 
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media Cultures were obtained from the cecal content and always contaiiied 
bacteria upon which the Htstomonas feeds. At times the protozoon also in- 
gested blood cells He did not succeed in olitaining pure cultures. Tyzzer (i6), 
DeVolt and Davis (6), and Bishop (2) have reported success in cultivating 
the blackhead organism using methods similar to those used by Drbohlav. 
DeVolt and Davis found that the addition of a small amount of serum and 
a little rice starch to the coagulated egg medium gave better growths but 
care had to be observed that the bacteria did not overgrow the protozoa 
Transfers were made every 48 hours and incubation was carried on at 42° C. 
If the bacteria appeared to be overgrowing the parasites, one or more trans- 
fers were made on egg medium covered with plain Locke's solution, in 
which the bacteria do not thrive Cultures h.ive been maintained by several 
workers for more than one year, and infections have been produced with 
them by rectal injections No one has so far siiccetdcd in obtaining cultures 
fret of bacteria Cultures from the liver lesions usually do not sutctcd 

In dealing with cultures one h.-is to be on his gu.irtl against interpreting 
other fl.igcllates as Htstomonas In practit.illy every normal ccca there are 
flagellates belonging to the genus Chtlomasttx, and amoeba anti trichomonads 
are frequent All of these will develop in the mediums clescribed above 

Htstomonas in cultures has the same ap|>eatancc as the motile forms found 
in feces If examined on a warm stage, the large spherical forms show the pul- 
sating motion and the jerky antt-clockwisc muvciiicnt already described. 
Sluggish ameboid activity may also be observed 

Pathogenicity. Turkeys arc native American birds, at one time roaming the 
North American continent from southern Mexico to the northern border of 
the United Slates The domesticated types of today are certain improved vari- 
eties originating in Mexico Turkeys have been exported to all parts of the 
world, and blackhead has followed these birds 1 his disc.isc h.is been known 
in America since domestication of the bird began In more recent years it has 
been found in various Luropean countries, in South Africa, lira/il, Japan, 
the Philippine Islands, and Australia The disease probibly exists wherever 
turkeys are raised 

This disease has been the principal reason for the difficulties cncounteied 
in successfully raising this sjiecies in fl<x.ks Under flrxik conditions the disease 
tends to build up in intensity from year to year, and after a few seasons it 
becomes economically impracticable to raik these birds without using special 
methods of husbandry 

The disease is seen most often in young birds, that is, in birds varying in age 
from three weeks to four or five months Losses rxrcur in old turkeys but these 
usually are sporadic The losses among young turkeys frequently exceed 50 
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per cent and sometimet all o£ the young birds die. The losses among chickens 
are almost wholly in those of three to five weeks of age Serious losses some- 
times occur but generally the disease disappears spontaneously after a few 
birds have been lost. An occasional case is seen among adult chickens 
Affected turkey [xiulis are inactive and refuse their food They lose weight 
and walk with a stilted gait There is diarrhea with light sulphur^olored 
droppings They usually show symptoms for a number of days before they 
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die In chicks the disease runs a short course The birds arc depressed, they 
galhtr around the hrixidtr stove, p.iss blixxlv droppings, and soon die. 

The lesions ot blackhead cKcur in the ceca and the liver Other organs as a 
rule are normal SometimLS there is fluid in the bod) cavity. The lesions have 
the same appearance whether in chickens or turkeys 
The affected teca arc enlarged and their walls arc thickened. Usually a core 
of grayish-yellow necrotic material mi\ed with excrement fills their lumen. 
When this core is removed the wall ot the organ is seen to be necrotic 
The liver lesions are quite characteristic in appearance. They consist of 
round necrotic areas, varying in diameter from microscopic size to several 
cenumeters. They appear on the liter surface as smooth a.eas, somewhat 
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firmer than normal liver consistency, and somewhat depressed or concave. 
The color is mottled with green, yellow, and brown intermixed. Often concen- 
tric rings occur. Outside of these areas, the liver substance is very dark and 
the entire organ is enlarged 

Allen (i) claims that Trichomonas gallinariim sometimes produces cecal 
and liver lesions which may easily he confused with those of blackhead and 
also that this trichomonad often is associ.ited with the bl.ickhead organism 
in the lesions of the liver She describes three types of liver lesions, (a) Those 
caused by pure infections with Htstomonas meleagnilis, already described 
above, (b) Those caused by pure infections with 7’r gallinariim, which 
produce yellowish lesions up to 2 cm in diameter but which h.ivc less well 
defined borders than those of true bl.ickhc.id and are raised rather than 
depressed with respect to the liver surface, and (c) Those caused by mixed 
infections with these two organisms which are large, circular, well defined 
lesions, mottled in color and with markedlv depressed centers but raised bor- 
ders Allen claims that it is possible to distinguish these three types of lesions 
from one another by gross ins(X'ction When in doubt both organisms arc 
easily identified in preparations made from the lesions hor further considera- 
tion of this sub)ect, sec Trichomonas gullinartim 

Microscopic examination of the cecal wall shows tnvriads of the character- 
istic parasites ItKated free in the tissue spaces 1 hey art never found intra- 
ccllularly except an occasional one ss'hich has been ph.igocytosed and prob- 
<ibly IS dead In ordinary sections the parasites usually have shrunken and 
appear to he in sp.ices a little larger than their own diameter They stain with 
the acid dyes and their nuclei are piKirly stained and oltcn not visible The 
numbers are so great as to account for a considtr.iblc part of the thicken- 
ing of the cccal m .ill Necrosis probably is due as much to pressure as to toxic 
materials which they mav secrete Parasites may be seen in the necrotic ma- 
terial in the lumen of the organ These h.ivc the same appearance in sections 
as those emlicddcd in the tissues. When examined in fresh preparations these 
forms show flagcllaie motility whereas those from the tissues usually show 
the amoeboid type 

The liver lesions are caused bv parasites which escape by the blood stream 
from the cccal lesions T he parasites multiply in the sinusoids of the liver, 
causing pressure and possibly toxic necrosis of the neighboring liver cells. 
The lesions attract large numbers of lymphocytes in the early stages Necrosis 
occurs and gradually the lesions enlarge The older lesions consist of myriads 
of parasites embedded in necrotic tissue bpithelioid and giant cells usually 
appear in limited numbers in the older lesions The necrotic tissue is sur- 
rounded by a mild inflammatory zone but there is no capsule formation. 
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Mode of Tt^f«rtinn. Expcrimcnfally, blackhead (s not easily produced by the 
feeding of tissues or discharges of acutely infected birds. If large amounts of 
material are given, a few birds will be successfully infected The disease tan 
be produced muth more regularly by injecting infective material per rectum. 
Very young jxiults and chicks can be infected fairly regularly in this way If 
infected birds are plated among normal birds on clean ground, i c , ground 
upon which chickens and turkeys have not previously lived, the disease will 
not sprc.itl (la) If old turkeys or chickens are allowed to run with young 
turkeys, or if the young turkeys are allowed lo run on ground which had 
previously been used for raising cither thickens or turkeys, severe outbreaks 
can be expected 

These iicculiariiies were explained by the finding of Graybill and Smith 

(9) that a common nematode, lx longing to the astarid family and having 
Its habitat in the ccca of turkeys, chickens, and other birds. Heterosis paptl- 
lota, played an im|x>rt.int part in the transmission of this disease These para- 
sites, living in the lumen of the ccca, ingest the proto/oon of blackhe.id m con- 
siderable numlxrs The (iroto/ixm (xntlratcs the intestinal wall of the worm 
and reaches us body cavity These st.igcs mav readily be followed with the 
mierostoix- The siiecettling st.iges hate not been followed mieroscopically 
but apparently the organism re.iehcs the ovarv and in some form exists in the 
ova tif the worm T he esidcnie for this was lurnished by Tyzzer and Fabyan 
(ig) who showed that ova which bad Ixen cmbrvonaltd in i 5 per cent nitric 
acid, which renders them liaeicriologicallv sterile, were capable of prcxlucing 
bl.ickbe.id svhen fed 10 voting turkeys Tvzzcr (15) and others have studi- 
ously examined mans infected worm eggs svithoul being able 10 find .iny 
morphologic.il evideiue of the jirolo/cxm The Japanese investigator, Niimi 

(10) , claims 10 have louiu! minute forms varying Irom i to i .4 microns in 
diameter m infected wot in eggs which he believes to be the prtrtozoon 

The cecal worm is disiriluiied vvidelv and is present in praeiically every 
adult chicken, lurkcv, pheasant, grouse, and other species which arc suscep- 
tible to blackhead Apparentlv also the prolo/cxm of blackhead is widely dis- 
tributed among adult birds ot these six-cics, and therefore, most of the ova 
of the cecal worm earrv the' parasite of blackhead To produce blackhead 
experimentally one has only to teed fairlv large doses of die embryonated eggs 
of the cecal worm, or to place the birds at their most susceptible age on soil 
which IS infected with such ova as a result ot having lietn used previously for 
poultry range The teedmg of embiyonatcd Heicral^is ova collected from 
single adult birds will not always produce hkiekhead, thus indicating that 
not all Hetera^is ova arc infective, yet infection seldom fads when ova from 
several birds arc used whether or not there has been clinically recognized 
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blackhead in the flock from which the turkeys originated. Apparently the 
damage caused by the localization of the young nematodes in the cecal 
pouches provides a portal of entry into the cecal wall for the blackhead para- 
site. The feeding of blackhead material without the w'orm eggs usually fails 
to infect, presumably because of the lack of the preliminary damage from 
the larval worms 

Outside the host, the protozoon of blackhead will maintain viability only 
for a few hours It has been well demonstrated, however, that the infective 
agent of the disease will remain alive iii the soil of poultry yards for many 
months and may survive one or more severe winters It is olivious that these 
persistent forms arc those which art harbored by the Heteral(is eggs 

Experimental Blackhead. Tyzzer and F.iby.in (|8) demonstrated that an 
experimental disease of turkeys, different from the natural form, could 
be produced by the subcutaneous injection of m.iterial eontainiiig the H 
meleagridti This tvjie of the disease tan be prop.igated indefinitely This 
disease is manifested by the development of a local Itsioti at the jwmu where 
the inoculum has been deposited This can be seen .iftcr a few days and then 
rapidly dcvclojis into .a granulomatous lesion of tonsidtrable size After sev- 
eral weeks metastasis oeturs to the lungs where several lesions usually develop. 
From the lung lesions tertiary lesions in many organs develop if the bird lives 
long enough to jierniit it The disease is always fatal, it is ehai.itieri/td by 
weakness, loss of a(speine, weight kiss, the .ipjiearancc of suljjhur-colored 
feces, all of whieh art characteristic oi the natural disease, and in addition, 
coughing .ind dyspnea The lesions contain myriads of the characteristic para- 
sites 

In chickens, subcutaneous inoculation results only in the production of a 
local lesion which rajiidly heals Similar lesions develop in about one third of 
inoculated pigeons Rabbits, guinea pigs, and mice arc not susceptible to such 
inoculations 

DeVoll and Davis (6) produced what they called an “histiimimal sinusitis” 
by placing small bus of infected liver tissue into the facial sinus Lesions de- 
veloped causing distortion of the facial bones, melastavis to the lungs, and 
death 1 he whole picture is similar to that produced by subcutaneous inocula- 
tion 

Immunity. Tyzzer (i6) (17) has succeeded in conveying a considerable de- 
gree of immunity to young turkeys by inoculating them with a culture strain 
of H meteagndts which had become avirulcnt About two weeks after inocu- 
lation with the vaccine strain, both turkey poults and chicks showed a high 
degree of immunity to natural infection with fully virulent strains. The im- 
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tnunity is tost rather early unless the birds are exposed continuouslv to 
natural infection. In birds which have lost their immunity a high percentage 
of recoveries indicate that all resistance has not been lost 

Chemotherapy. Various attempts at chemotherapeutic treatment have failed. 
Recently Blount (3), in England, and Bolin and Vardiman (4), in this coun- 
try, have reported considerable success with an arsenic-containing drug called 
“marphasan ” The drug must be administered individually, hence it is not 
likely to become popular. 

Surgical Prevention. Durant (D) has shown that blackhead can be prevented 
by surgical abhgation of the ceca This involves opening the body cavity and 
ligating the ceca so there is no connection thereafier with the remainder of 
the intestinal lumen Dclaplanc and Stuart (5) vary Durant's procedure by 
the use of aluminum clamps which accomplish the s.ime purpose. The opera- 
tions are attended with considerable surgical mortality anti arc time consum- 
ing, hence the meihtxls arc not likely to be used as practical proccduies 
However, they are of interest as indicating th.it the walls of the ceca are the 
only natural (xiiiits of entry of this infection. 

Practical Control. Practical control of this disease has been accomplished 
by large growers through the institution of sanitary measures The voting 
poults are incubator-hatched anti kept in clean surroundings away from adult 
birds (turkeys and chickens) until they arc well-grown Infections are thus 
prevented. 
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CHAPTER XXXVI 


THE STOROZOA 


General Considerations 

The s(X)ru/ua constitute a group of protozoa which live a parasitic exist- 
ence and m.iny of which arc highiv pathogenic to their hosts Most of them 
live, at some stage in their life cycle, intraccllularly The cycle of development 
IS complicaied by an alternation of geneiation^A period of repeated asexual 
multiplication (schizogony) finally terminates in the formation of sexually 
difTeieniiated cells known as gametes The female gametes are fertilized 
(syngamy) by the male elements, the priKluct of the union being known as 
zygotes It IS the functKin of the /vgotes to carry the infection into new hosts 

In some instances as in the cocc'idia, for example, the zygote develops a 
protective membrane around itself ami is then known as an oocyst The 
txievst eseajies from the host inio the soil There, in the presence of moisture, 
and an abundance of oxygen the zygote multiplies by cell division (sporogeny) 
to form a number of sporozoites within the oi>cy'si If the "ripened” oocyst 
IS taken into a suitable host, the walls dissolve liberating the motile sporo- 
roiies each of ss'hieh then penetrates an epithelial cell and another period of 
asexual rcproduetuin follows 

In other instances, as in the hemosponeha, the alternution of generation in- 
volves an alternation of hosts In these eases instead of escaping from the host 
into the soil the -zygotes are tiken up bv bloixl-siicking arthropcxls in which 
syxtrogonv occurs EveiitualU the sporozoites, the final products of sporogony, 
find their way into the salivary apparatus of the arihro|xid from whence they 
escape into a new host at the time blood sucking occurs 

The damage to the vertebrate hosts results largely' during the period of 
schizogony since this is a period of rapid multiplication, each generation giv- 
ing rise to greater numlxtrs of new individuals (nierozoites) each of which 
enters and destroys another host cell 

The sjxirozoa of interest to animal pathologists belong to the Sub-order 
Eimenidea, which includes the coccidia, the Sub-order HemosportJiiJea. 
which includes the malaria parasites and the Sub-order Piroplasmtdea, which 
includes the organisms of Texas fever and East Coast Fever. In addition 
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there are a number of organisms of doubtful classification such as the ana- 
plasmas, the toxoplasmas, and the sarcosporidia. 


The Coccidia 

Most species of coccidia arc parasites of the intestinal epithelium In a few 
cases they ticcur in other epithelial organs. In many instances they cause ex- 
tensive destruction of the intestinal epithelium which results in acute enteritis 
accompanied by diarrhea Such cases mav result fatally, especially in young 
animals The seventy of the disease dcjxjnds in large measure ufion the si/e of 
the infecting dose and the op^xirt unities for multiple reinfections, since cocc- 
idia, unlike bacteria and many other patbogcnie organisms, are not able to 
multipiv without limit in the new host but arc limited to a definite num- 
ber of asexual generations after which they assume ihe relatively harmless 
sexual form If the host survives the acute st.iges while asexual multipli- 
cation of the parasite is occurring, it recovers but retains the infeclion for 
long periods and serves as a source of infection tor others If the sanitary 
conditions are not good, animals usu.illy liceome reiiifceted from their own 
feces and this serves to keep the infection alive in herds and flocks 

In the process of sehi/ogony the entire growth period is passed within the 
cytoplasm of host cells It begins when the host tells arc penetrated by 
sporozoites released from ingested ooeysts The elongated sporozoites are 
transformed m the host eclis l<i spherical bodies whieh r.ipully grow at the ex- 
pense of the cvtoplasni These arc known .is trop/iozo.tcf or ichizonts As 
they grow the cell nucleus is crowded asitlc ami when ihc sehizoius arc fully 
developed there is little left of the host cell The tytoplasm of the sehizonts 
undergoes multiple division forming iiumliers of smaller elements The 
schizoiit then lupturcs releasing the smaller bodies whieh arc known as 
merazonei These are motile and immediately seek out other cells which 
they penetrate, one merozoite into each host ecll, forming a new crop of 
sehizonts 

After a number of generations of mcrozoiics have been formed, the num- 
ber varying according to peeuiuritics of the S|K‘cies, a crop of sehizonts arc 
formed which become transformed int«> macto- and micro-gainetocytet 
which when mature are usually of alxiut etyual size Each microgametocyte 
gives rise to a large number of small serpentine elements which are known as 
microgametes These correspond to the male sperm cells Released by rupture 
of the parent cell, these seek out the macrogametes, the female elements, which 
they fertilize 1 he fertilized macrogametes then secrete a thick capsule around 
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themselves forming oocysts. These are discharged into the lumen of the 
organ and thus escape from the host The oocysts are more readily identified 
than any other stage in the life cycle of coccidia and are commonly sought 
as a means of diagnosis 

Two genera of coccidia occur among domestic animals The genus Isospora 
can be readily distinguished from the other, the Etmeria, by examining the 



Fic 98 DwKrammitK Rcprcscruaimn ol the Lite Cveir o| a CfiLCiiJium (i) Sjx>ro- 
7(mp cnterinf; an rpithelial edi (3, 3, Schi/onts tievdoping in epithelial cdls (3,(1 7) 
Mero7(iite« rdcaseti from the schi7on(s and entering; oilier cills (H, g) Second giiitrjiiun 
of schwonts de\cluping in other cpiihcltal cells (10, it, 12) lurmation of niicrogatncto- 
cytes and rcicax of micrugamcics (13, 14, 13) rorniaiion of a mat.rogai'Ktoc>ti. (16) 
I crtili/sUiun of j macrogainetc b) a microgamcic (17, iS) rorniaiion of a /ygotc or 
WKyst (19) Beginning of the pnxess of s|Hirulaiion of the oocvsi Tv^o cc.li stage (20) 
I he lullv «if>oruJared hour sporoci'srs are present, each containing two sjiororoires, 

in this instance, thus indicating that the ^xxics belongs to the genus I inietia Members 
of the genus Uoipora desclop onI\ two s^xirocssts each iontaining four sporu/oitcs (21 ) 
1 he release ol s(M>ro/oiies from the ripe or sporuUicJ o(M.yst Stages i-iK inclusive occur 
in a single host Stage 18 usually is eliminated from the l>udy in the excretions Stages 19 
and 30 usualh develop in moist soil Infection of new hosts, or reinfection of the same 
host occurs through the contamination of food and water with stage an Stage 31 occurs 
in the new host through excystation of the spnro/oites through action of the digestive 
enzymes 

ripened oocysts. The cytoplasm of the oocyst of Isotporu divides into two 
bodies known as sporoMasts each surrounded by a membrane known as a 
tporocyst. In each of these sporocysts four sporozoites are formed. In the 
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Etmerta four sporocysts arc formed, each containing two sporozoites. In both 
cases, It will be noted, eight sporozoites arc formed 

HOST SPECIFICITY OF THE COCCIDIA 

It was once believed that the coccidia were relatively non-specific so far as 
hosts were concerned, that is, that infections in one species might readily be 
transferred to another. It was thought, (or example, that rabbits often in- 
fected domestic livestock It is now known that there is a high order of host 
s{ieciAcity in this group and that infections seldom are contracted from other 
species This is especially true of memliers of the Eimena which are respon- 
sible for the most serious infections of domesticated animals. Occasionally 
certain species may be found in closely related species of animals, but this 
seems to be the exception rather than the rule The members of the Isospora 
seem to be somewhat less speeiAe than the btmeiia, thus we And certain 
kinds which infect both dogs and cats. 

IMMUNITY IN COCCIDML INFECTIONS 

There is deAnite evidence that animals develop immunity to coccidial in- 
fection Tyzzer showed that young chicks can be readily immiini/ecl by in- 
fecting them with small doses under conditions in which the birds are unable 
to reinfect themselves The mild infections run a dcAniie course and clear 
up In some cases the bird may be infected a second, and sometimes several 
additional times but eventually it becomes so resistant that additional infec- 
tions cannot be obtained with the same species Similar results have been 
obtained with dogs It is probable that this is a rule applicable to all coccidia. 
This idea 1$ at variance with older ideas It has long been known, for example, 
that older animals of the species frequently harbored coicidia without show- 
ing any symptoms, and that these animals served as sources of serious epizoo- 
tics among the younger animals which lived on the premises It was thought 
that these animals were chronic carriers, that the disease was not thrown off 
by such animals but that the parasites were carried in a low stage of activity. 
This may be true in some cases, hut it is c]uite certain that the carrier state 
often IS a result of constant reinfections, and that when such animals are 
maintained in such a way as to prevent reinfections they usually eliminate 
their infections completely. 

Studying kimena cavtac of the guinea pig, Henry was shown that these 
animals not only are immunized by a single contact with die infection but 
that they develop a skin sensitization to proteins derived from the oocysts. 
She was also able to show evidence of anaphylactic sensitization to these pro- 
teins 
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The Coccidia of Dogs and Cats 

Coccidiosis of clogs appears to be a very common infection In practically 
all parts of the world where surveys have heen made the incidence has heen 
at least 5 per cent and in many places it has been much higher. Lee (3) 
reports that the incidence in the clinics of the Veterinary Division of Iowa 
State (xillegc over a ten year period was 138 per cent Of 32a dogs examined 
by Gassner (i), of Colorado State College over a short period of time, 79 
per cent proved to carry ccKcidia All of the infections in these studies proved 
to be Isospora, the /. btgemma being the most frequently encountered. In 
(Jassner's series, for example, / bigenuna was found in 74 per cent of the 
dugs, / nvolta in 20 per cent and / felts in 6 per cent 
In dogs, the infections with the Isospora arc undoubtedly the most com- 
mon A member of the Ewterta, E cants is encountered occasionallv Ya- 
kimofl and Matsclioulsky (d) found that the incidence of this species in 
Leningrad was about 2 5 per cent whereas / rtvoha amounted to 14 per cent 
E cants has liotn reported in single cases by Honcss (2), in Wyoming, and 
by Skidmore and McfJrath (4) in Nebraska These authors think that the 
species may be more common than rc|xirts would indicate 
There have been few reports of coccidial infections in cats Cals arc sus- 
ceptible to experimental intcction with all three of the dog species, and natu- 
ral infections with all three species have iKen re[X)ricd Wenyon (5) states 
that / felta intcciions of yoiitig kittens is common in London Lee reports a 
single natural infection in an Iowa cat 
It appears that the m qority of coccidial infections of dogs and cats are light 
and that there is little evidence of serious damage to the hosts In some cases, 
however, there is diarrhea ss ith excessive amounts of mucus in the feces, and 
occasionallv there may Ik a blcxxlv and even fatal dysentery. Evidently the 
severity of the disease is dependent u|x>n the numlKrs of the coccidia present, 
since Lee has clearlv shown that all of the l\oapora are capable of causing 
serious damage when large doses aic given experimentallv 
The diflercntiation of the parasites is relatively easy To distinguish be- 
tween the Isoapora and the Limerta one needs only keep some fecal material 
containing oocysts a few days diluted with one per cent potassium bichro- 
mate solution (to prevent putrefaction) in a shallow dish The presence of 
four sporrKysts in the oocysts, e.ich containing two sporozoites, indicates that 
the organism belongs to the Etmena, if there are two sporocysts each con- 
taining four sporozoites, it belongs to the I-oapora The examination can be 
readily made with the 4 mm. or 16 mm lens of a reasonably good microscope. 
The differentiation of the ${>ecies within the genus is more difhcult. It is 
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most rendily done by noting the characteristics and the mensurcnicnts of the 
sporulatctf oocysts. The measurements of the Isoipora as given by Gassner 
are as follows 


T\BLn XV 

CX>c) xU 

Isospora feln 40 - 42 x 31 - 32 microns 

I. rwolta 23 - 24 ^ 15 16 “ 

/ bigemina 

(small variety) to - 12 ''8-96 “ 

I bigemma 

(large variety) 148'' 12 5 “ 


Sporoc) 

19 - 22 V 13 - 15 microns 
15 - if) '• 97 X n 5 •• 

7 86-85-9 

95-io8'.8-94 “ 


ISOSPORA BIGEMINA 


This coccidiiim occurs in both dogs and tats, apparently being more com- 
mon in the former Lee (4) was able to produce acute infections with a 


bloody diarrhea in cats with tul 
turcs derived from a dog He 
also succeeded in infecting a 
fox With a str.nn from a dog 
1 wo types of / higeniinu arc 
reeogniited, one producing a 
small ooeysi and the other a 
much larger The small van 
cly is by far die more com 
mon Hoih ordin.irilv develop in 
the subcpilheli.il tissues of ihc 
small intcslinc hui Wenvon and 
Shcallicr found one .leiite case 
in which the epithelial cells 
were filled with schi/onts and 



oocysts II IS believed ihal dur 
ing acute phases of ihc mice 
tion the epithelial cells are at 
tacked and during the chronic 


Ik. 99 Ix/poia biginiinu Non s|iorulaicU 
ooc>st of ihc common cociulniin ol ilic clou Un 
like iiiosi io((iih.i, ihe wirysi ol tins sfietics often 
siKinilaics while in the iiuesiiiial canal x 1100 


stages the infection remains m the subcpjihclial tissues During the chronic 
stages of the disease the cxicvsis undergo s|X)rulation in the tissues, tre(|ueiitly 
rupture there, and release the sporocysis which are found in the feces instead 
of the exicysts Immature oocysts may sometimes be found in the feces along 
with the free sporocysts but usually they are very scarce By purging his pa 
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ticnts with arccoltne hydriKhloride, Gassner found that he could force the 
appearance of uocvMs in the feces 

Lee found that when small numbers of sporulated oocysts were fed to 
dogs, a few oocysts were eliminated on the 6th or 7th day and elimina- 
tion continued for about one week. No symptoms were observed. When 
larger doses were given, a profuse, hemorrhagic diarrhea began on the 3rd 

_ or 4th dav, and oocysts were dis- 
charged in abundance on the 
6th and 7th days One dog died 
of tht disease, but the others 
recovered after a few days al- 
though CKicyst discharge con- 
tinued for several weeks Doses 
' of intermediate si/e produced 

■ a c.itarrhal diarrhea, the feces 

often being stre.ikcd w'lth blood 
Mixed initctions of / ft/gewina 
with one or both of the other 
species of Iso^poia occur natu- 
rally, and experimcntallv such 

■ ~ infections often arc rather sc- 

ha. 100 liotpom hgtmiiij 0(K)st ui carl) ^ 
s|xirulaling siagi In tins iiisUikc a dense mini 
branc will form alxiui each of ihc two cells and 

each Will Ixxomc a s[Kfrohl3st coniaininit four ISOSPORA RIVOLTA 

spororoilcs 1 his will identifv 11 as a immiKr of t-i i. 1 . . c 

' , llie multiplic.Uive stages of 

the genus hosfmra s 1100 ' 



spororoiics 1 nis win uienoiv 11 as a incmix.r 01 1. 1 . . r 

' , llie multiplic.Uive stages of 

the genus hosfmra s 1100 ' 

this species occur in both epithe- 
lial and suhepiihchal tissues of the sm.ill intestines of dogs and cats Lee, in his 
senes, found them only in the epithelium near the tips of the villi The species 
IS regarded as rclalivrU harmless CaKcidia indisiinguishahle from / rivoha 
have heen found 111 a number of wild animals and in some cases infections 
of dogs base been produced with them This form is frequently found in 
clinical cases in associ.ition with / hsgcmina. 


ISOSPORA FFLIS 

This species is easily distinguished from the others by its verv large o(x.ysts. 
As Its name indicates it is found pnneipallv in cats but dug infections oc- 
cur. Wenyon states that this sirecies is common in London cats It has been 
found less frequentiv in the United States than the other two species and 
generally in mixed infections Pure infections in cats gentrallv are relatively 
harmless although diarrhea may be produced The multiplicative stages are 
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found in the small intestine, being located in the epithelial cells near the tips 
of the villi Some are found also in the mucosa of the cecum. Lee reports a 
pure experimental infection in a dug. Following a rather large dose of sporu- 
latcd oocysts by mouth, a bltxidy diarrhea began on the 6th day and con- 
tinued until the nth. Oocysts appeared on the 8th day and continued until 
the 29th day 

EIMERU CANIS 

This species has been identified only on a few occasions It was first seen 
by Wenyon in London Two isolated cases have been described in the United 
States, by Skidmoic and McGrath (4) in Nebraska, and by Honess (2) in 
Wyoming Tlie Nebrask.i dog was viid to be iintbnfty and sufTered from 
vomiting and diarrhea Blood was not detected in the stools Honess sporu- 
lated the ooeysts from his ease and fed them to two experimental dogs. Some 
of the oocysts were said to have been sporulaietl when passerl After three days 
all had sporulatcd The numlicr fed was not large, and the dogs showed no 
symptoms at any time Oocysts appeared in the feces on the Sth day in one 
case and on the 17th day in the other The cases were followed for two weeks 
during which time oocyst shedding continued 
The oocysts were colorless, whticas Wenyon described those of the case 
with which he worked as being pinkish 1 hey were ellipsoid.il .ind assymetri- 
cal. being moic curved on one side than on the other '1 ht sporotysts were 
elongated The oocysts averaged 12 by 18 microns in si/t, the spoiocysts 58 
by 104 Ihcsc measurements arc smaller than those given by the Luropcan 
workers, but since otherwise there was agreement, Honess regarded his or- 
ganisms as E canti 
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The Coccidia of Rabbits 

At least four tyjYes of coccidia affect the rabbit Of these, two types are com- 
mon and destructive. One of these, Etmeria stiedae, was the first coccidium 
known. 



432 


THE PATHOGENIC PROTOZOA 


EMERU STIEOAE 

Young rabbits arc especially susceptible to this species and nearly all deaths 
from It occur m animals less than four months of age. The mortality rate is 
especially severe in commercially raised rabbits, particularly when they are 
raised in hiitchts or confined spaces where opportunities for massive infec- 
tions are great Under such conditions heavy losses from this and other coc- 
cidial tnfeciions can be prevented only by scrupulous cleanliness, frequent 
eliaiiging ol bedding, and feeding and watering from containers which can- 
not readilv be soiled with the animal feces Disinfection m this disease, as in 
all coceidial infections, ean best he accomplished bv heat, since chemical dis- 
infectants have little cfTeci upon the oocysts Moist heat is very effective, but 
It should he borne in mind that if it is employed, means of thoroughly drying 
the hutches and cages should be sought since moisture favors (he maintenance 
of viability of the sporulated tKicysis 

Eimeria iiiet/ije differs from the other coceidia of the rabbit in that it local 
i7es in the bih ducts of the liver The liver often becomes greatly enlarged, 
and white or yellowish lesions which resemble abscesses may be seen on its 
surface In acute cases these mav not be present The gross lesions referred to 
are spherical or elongated and varv in si/e from minute to 2 cm in diameter 
When these lesions arc relativily voung ihev arc filled with a thin whitish 
fluid, sshen older the content may lie thick and caseous, when very old the 
lesions mav lie dense and even calcified 'Ihe fluid of the fresh lesions consists 
largely of iKievsts, whiih mas be as numerous as leucoeytes in pus In the 
easeous material dies usually mav lx loiind but arc not numerous, and in the 
inspissated, ealeifu'd matt rial ihey arc usually absent, having degenerated 

Sections ot alfeeled livers show that the bile duct epithelium, under the 
stimulus siipplieil bv the multipheaiive stage of the parasite, has proliferated 
anti formed eystie adenomas, the linings o( which are filled with every de- 
velopmeni.il stage ot the eoceitlium Ihe epithelial growths push out into the 
liver tissue and become filled with fltiul anti the products of growth of the 
parasite, forming the whitish gross lesions aircadv mentioned 

1 he oocysts est.i|)e from ibe cystic dilatations of the bile duets to the intes- 
tine through the gall bladder and the common bile duct, and thus out of the 
body with the fetes In the presence of an ahundanec of oxygen and a little 
moisture they undergo sponilation in about 60 hours under the most favor- 
able tontlilions The ixicysis arc large and have a yellowish color. They 
average alwut 35 microns in length by a little more than half this dimension 
in width One end is slightly flattened and here there 1$ a thin place in the 
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capsule, the mtcropyle^ which the sporozoites penetrate in escaping from the 
cyst. The cytoplasm of the cell is granular and ordinarily does not occupy 
more than one half of the space within the capsule, the remainder being 
empty. The sporocysts are quite elongated, measuring about to by i8 microns 
Infection of the bile ducts of the liver occurs by the passage of sjxirozoites 



Fic 101 Hypertrophied bile duct qiithclium of a rabbit caused by infection wiih 
Eimeita snedac \ number of gameiocyles ami one ooiyst are shown x 350 


through the intestinal wall into the tributaries of the (xirtal vein, which car- 
ries them to the liver When very heavy infections occur, the rabbits die 
within s to 4 weeks In more chronic infections death may be delayed for 
6 weeks or more, or recovery may ticcur The affected animals generally be- 
come pot-bellied because of the liver enlargement, and diarrhea usually de- 
velops especially if they are obtaining much succulent feed. 
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BnmiA PEKFORANS 

Thw species probably is just as common in commercially raised rabbits as 
the preceding but the evidence of its existence is not so conspicuous, thus it 
IS not so tvell known As a matter of fact, this organism was confused with 
E. ftieelae for many years Infections with this speces can be distinguished 
from those of the liver-infecting variety by a simple fecal examination of 
the discharged oocysts. Those of E perforans are colorless, i e., they lack 
the yellow color of those of E <tie/lae, furthermore they are much smaller and 
more nearly spliirical. They measure between 24 and ^0 by 15 to 20 microns, 
averaging 15.5 by 25 5 microns The oocyst walls of this species are slightly 
thicker than those of E. sttedae Sporulation under favorable conditions oc- 
curs in 48 hours nr less After experimental infections, oocysts appear in the 
feces on the fourth or fifth days, whereas those of E stiedac do not appear in 
the feces for six or seven tlays E perjorans can be separated from E stiedae 
by feeding the mixed culture to a young rabbit and saving the fecal material 
discharged on the fourth and fifth days at which time only the oocysts of 
the first species will he present 

Development occurs in the epithelial cells of the small intestine and, to 
some extent, of the cecum 1 he small intestine, especially the duodenum, be- 
comes dilated to several times its normal diameter The walls of the affected 
gut are pale and sometimes edematous Reddened streaks are found on the 
mucosa Sometimes almost every epithelial cell in parts of the intestines are 
infected 

Diarrhea is charactcrisiic of this disease, but if the animal is fed only on 
dry fceil the feces may he soft rather than fluid The victim becomes pot- 
bellied, anemic, dehydrated, and in gener.tl presents a miserable aspect Death 
usually tKciirs within two weeks of the time when symptoms appear, 

EIMERIA MAGNA 

This org,inism originally was regarded ,-is a variety of E perforans but now 
IS regarded as a separate species. Like E perfoian^ it occurs in the epithelial 
cells of the sm.ill intestine where it proeUices similar ch.anges The otKVSt is 
much larger than th.it of t perforuai but about the same as that of E stiedae. 
Like the latter it is of a vellowish or even a brownish color It measures 28 to 
40 by 20 to 26 microns broad micropyle is loc.ited at the more tapering of 
the ends This species 1$ not so wielesprcatl or common as E perforans. 
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The Coccidia of Chickens 

Among domesticated livestock cocetdial infections do greatest damage to 
poultry Acute infections of young chicks frequently result in mortality rates 
approaching too per cent. The more chronic infections of older birds are not 
often fatal but result in malnutrition, unthriftincss, and decreased production. 

Until Tyzzer (8) published his first work on the differentiation of the coc- 
cidia of chickens in 1929, it was thought that there was only a single species, 
and this was known as Etmena avium Tyzzer mllcd attention to the fact that 
Knilliet and Lucet had differentiated one species adequately in 1891 and had 
given it the name E tenella This species was confirmed by Tyzzer, and three 
additional, E acervuhna, E maxima and E mitii were named and described. 
In the following year, igjo, Johnson (^) differentiated two additional species, 
E necatiix and E praeiox Levine (5), in 19^8, added E hagam Thus what 
formerly was regarded as a single organism now has been differentiated into 
seven distinct species Of these £ tenella and k necatnx arc highly patho- 
genic and destructive parasites, E maxima, and E liagam possess virulence 
of a medium grade and geneially are associated with chronic infections, 
whereas E acervuhna, E miUs and E praecox are nearly harmless. All of 
these speeies, except iiossibly E hagani, for which data arc not available, are 
widespread beveral species often occur simultaneously in a single fowl, in 
fact this situation generally exists in the infections of older birds • 

All of the coccidi.il infections of birds are sclf-limiimg, that is, birds that 
survive the original acute attack will recover completely and eliminate all 
traces of the infection, providing means of rcinfeelion are eliminated Chronic 
coccidiosis of birds, therefore, is a disease kept alive by repeated reinfections 
of the same species, or by repeated infections with different species Immunity 
of a rather high order is produced by one or two light infections with some 
species; with others a number of reinfections is necessary. In all cases ap- 
parently enough resistance is established eventually to wholly prevent rein- 
fection or to make them so slight as to be symptomlcss. Both Johnson and 
Tyzzer have shown that age is not the essential factor in immunity to 
E tenella, an organism which causes severe infections in young chicks 
but docs not often affect adults When birds were reared in the laboratory 
free of all coccidial infection, they were found to be susceptible to E tenella 
infection when they were more than two years old Infections do not or- 
dinarily occur m old birds reared naturally because almost invariably they 

* Since this was wnttLii, P P Ixsinc has discoscred and difTcrcntiaCrd an eighth iprcies of 
Eimrna in the chicken The description will be published soon A photograph of die sponilated 
oocvst IS included in Fig loa This s^iecics has been named E hrunetu 
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come in contact with the organism in repeated small doses earlier in life 
and are immunized by such contacts. As in other coccidial infections, whether 
or not symptoms of the disease develop depends upon the size of the infect- 
ing doses. The practical control of these diseases depends upon keeping the 
environment of the birds sufficiently clean so they will not pick up massive 



I ic lui SporuUied OiK.ysis u( the Cuciiiiu of Cliukcns Ml photographs taken 
at a magnihration of X I too to shoH rclati\e$i/t (i) Eimcria act rviiliiia (z) C mitta (y) 
k hagam (4) k nccatrtr (si tenrlla (h) k hrunrtti (7I t pratcox (S) E maxima 
Spcucs niimlier tv has rneiitlv l>«n (hiTcreniiateil hv P P Levine It has not been named 
or described at the time this book goes to press 

doses of infection at their first exposure This is accomplished by cleaning, 
thoroughly and frequently, the floors of buildings and runs, using feed and 
water containers that cannot easily be contaminated with droppings of the 
bu’ds, cleaning and scalding these containers at frequent intervals, keepmg 
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the birds on dean range o£ adequate size so that the infected droppings are 
scattered widely, and ploughing and planting contaminated ranges. Good 
poultrymen have found it possible to control coccidiosis in their flocks by the 
use of these methods. 

EIMERIA TENELLA 

This species affects young chickens, most commonly birds from six to 
twelve weeks of age, but they may be as young as three weeks and as much 
as several years old The affected birds suffer from what is commonly called 
acute coccidiosis, a disease in which bloody diarrhea is conspicuous and death 
losses often are large. 

E tenella develops only in the ccca or blind pouches and it is here that 
the only lesions are found These consist of gross hemorrh.'ige, the pouches 
usually being distended with wholly 
or partly clotted blood. The tissues 
of the remainder of the body are 
anemic The birds actually bleed to 
death internally in these cases 

The sporozoites liberated from 
the infecting oocysts enter and de- 
velop in the epithelial cells of the 
ceca These schizonts mature and 
rupture, each liberating some hun- 
dreds of merozoites (first genera- 
tion) These tend to localize m epi- 
thelial cells deep in the glands where 
they become another generation of schizonts The cells containing these forms 
are crowded into the subepithelial tissues where the parasites proceed to grow 
into huge schizonts which hnally break up into two or three hundred or 
more of second generation merozoites These arc much larger than those of 
the first generation. About the time the schizonts rupture, freeing the mero- 
zoites, multiple hemorrhages into the subepithelial tissues occur, the mucosa 
IS undermined and sloughs away thus releasing the parasites. These invade 
remaining epithelial cells and, if the host continues to live, develop into a 
third generation of schizonts which is the last, the next generation develop- 
ing as gametocytes. 

The opeysts of E. tenella arc broadly ovoid, there being little difference 
between the two ends. They measure 195 to 26 by 165 to 22.8 microns 
with an average measurement of 19 by 22.6 microns. The cytoplasm of the 
oocyst occupies only a fraction of the space within the shell. Sporulation is 
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EDfEEU NECATEK 

Next to the preceding species, this ccKcidium is the most pathogenic for 
chickens. The damage caused by thu species is more apt to occur in older 
Wy '‘J.. ' 'Lr-.' -n:- immediate death losses 

are not so frequent, the disease tak- 
^ ing a longer course, the so<alled 
chronic coccidiosis. 

developmental phases of this 

0 species are quite similar to those of 

1 E tenella, except that its localization 
” ' IS different. The sporozoites invade 

i the epithelial cells of the small intes- 
tine, rather than those of the ceca 
The schizonts liberate the first gen- 
eration of merozoites into the lumen 
of the intestinal glands, these in- 
vade cells of the deeper parts of the 
E" <’ glands and reach the subepithelial 

.*;■ tissues m the same manner as E 

’ « - tenella. The second generation mero- 

' 1 zones escape into the lumen of the 

. . . J bowel with the help of hemorrhages 

; 4 and denudation of the mucous mem- 

‘ - . — . brane. This occurs on the fourth 

Flo. los Cecal CoccidKKin, Chicken day of the infection. Instead of in- 
Normal ceca are shown on the right On vading other nearby cells, the see- 
the left are the diseased The affected or- ,, 

gans are swollen and filled with clotted generation mcrozoites allow 

blood, shown through the incision The color themselves to be carried with the in- 
of the bloody content shows through the thin testinal content to the lower bowel 
walls of the organs gning them a dark .u . -l 

red color (Canirtesy ol E L Brunett ) 

Here another schizogonic genera- 
tion occurs and probably several more, but gametes begin to form in 
the third generation and sporogony thereafter replaces the schizogony. 
Oocysts do not appear in the droppings unul rather late in the course of 
the infecuon but oocyst formation continues for a considerable time after 
It begins. 
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The oocysts are broadly oval. Some are somewhat egg-shaped, with one 
end more pointed than the other. They arc somewhat smaller than those of 
E. tenetta, measuring 11.3 to 18.3 by 13a to 22.7 microns, averaging 14.2 by 
16.7 microns. Sporulation is completed in 48 hours at room temperature. The 
shedding of oocysts begins on the 7th day after infection. 

Massive infections with this species, especially in younger birds may result 
fatally within a week. The usual form is more prolonged. Symptoms begin 
on the 4th day. The bird stands with dejected attitude, there is roughen- 
ing of the feathers and it does not eat. If heavy infections do not destroy the 
bird by the 7th day, it usually survives although it may be emaciated and 
worthless 

The small intestines of birds suffering from this parasite present a char- 
acteristic appearance Showing through the muscular and serous coats, clearly 
visible on the exterior of the unopened intestines, are many whitish spots 
which are conspicuous against the dark background made by the bloody con- 
tent They are the masses or colonies of the large second-generation schizonts. 
The wall also generally shows punctate hemorrhages The intestinal content 
may be a bltKxl-stained mucus or it may be almost wholly of blixxl. 


EIMERIA MAXIMA 

This species receives its name from the size of its oocysts which are larger 
than any of the other species of chickens. They measure 21 ; to 42 5 by 16.5 to 
29.8 microns, averaging 22.6 by 29 3 microns They have a yellowish color, and 
the shells often have a roughened surface. Sporulation is complete in 48 hours 
at room temperature. Oocysts appear in the droppings on the sixth day after 
experimental infections 

The schizonts arc found in the epithelium of the small intestine particu- 
larly of the middle portion. They are smaller than those of the other species 
found m the chicken and usually are located above the nuclei of the para- 
sitized cells Schizogony does not continue beyond the 5th day. The gameto- 
cytes develop below the nuclei of the epithelial cells and apparently are more 
injurious to the host than the schizogonic forms. 

The affected portions of the intestine may be somewhat thickened and 
the mucosa usually is covered with mucus in which blood flecks are found. 
There are no extensive hemorihages such as occur in infections with the two 
species described above. 

Heavy doses of pure cultures of this species will cause fatal infections, 
however under usual conditions its pathogenicity is not great. It usually is 
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associated with other species and in particular with £. necatnx in the so-called 
chronic infections of older birds. 

EMERU HACANI 

This s[Kcies was separated from a “culture" of E. maxtma by Levine who 
used a micro-pi[iette to pick out the oocysts. The oocysts are broadly oval 
with both ends of equal breadth The measurements arc 158 to 209 by 143 
to 19 5 microns, averaging 17.6 by 19.1 microns The protoplasm almost com- 
pletely fills the oocyst shell Sporulation is complete in 48 hours, the four 
elongated sporocysts taking up most of the space within the shell. After an 
infective feeding, oocysts appear m the feces toward the end of the 6th and on 
the 7th day. 

When large numbers of sporulaied tmeysts are fed to young birds, many 
hemorrhagic spots about i mm in diameter appear in the wall of the 
duodenum and the first half of the small intestine. The lower end of the 
small intestine is free from lesions On the 6th day the mucous membrane 
appears greatly infl.imetl The eontent of the bowel is thin and watery and 
sometimes mucous casts of the lumen of the bowel are present. The birds 
generally recover 

EIMERtA ACERWUNA 

This species, like E hagam, E praecox, and E mitii, inhabits principally 
the upper half of the small intestine, although some forms may be found in 
the lower half and a few in the ceca near their outlets In the intestine the 
schi/onts lend to concentrate in limited areas, and since they localize largely 
in the epithelium of the villi thev form grayish areas which are visible to the 
naked eve when the bowel has been opened and the content washed away 
T he schizonts develop very superficially, alxivc the nuclei of the epithelial 
cells. The infections have little effect upon the health of the bird 

The iKicvsis arc egg-sha{>ed They sporulate in less than 24 hours, in which 
respect they differ from the other speaes found in chickens They measure 
17 7 to 20 2 by H 7 to i6 3 microns, averaging 14 3 by 19.5 microns. After ex- 
perimental feeding, oocysts appear in the droppings on the 4th day 

EIMERIA FRAECOX 

This species is found in the upper third of the small intestine like the 
preceding but colonization with the development of grouly visible lesions 
docs not occur The s(>ccies 1$ practically non-pathogenic, there being little 
evidence of change in the intestinal wall except that an excess of mucus ap- 
pears and mucous plugs often arc formed. 
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The oocysts arc ovoidal in form and measure 19.8 to 24.7 by 15.7 to 19^ 
microns, averaging 17.0 by 21.3 microns. Sporulation is completed m 48 hours 
under favorable conditions. The name praecox was given to this species by 
Johnson to indicate the precocity which it shows in eliminating oocysts in 
the droppings on the 4th day after infection. This precocity is shared with 
E acervuhna The schizonts are formed in the epithelium of the sides of the 
villi and appear below the nuclei of the host cells. 

EIMERIA MITIS 

This species is only slightly patht^enic L.irge .ind ripi.ilid doses of s()oru- 
lated oocysts produce mild symptoms It develops in the cpithcli.'il cells 
of the upper part of the small intestine, to a lesser extent in the lower p.irt, 
and sometimes even in the ccca. 

The oocysts are nearly spherical, averaging 155 l>y ifia microns in si/e. 
The protoplasm practically fills the shell The sporocysts are clongatol, meas- 
uring 6 by 10 microns. Sporulation is eompleted within 4S hours Oocysts ap- 
pear in the droppings on the 5th diy after esperimeni.il feeding 
Schizonts not only develop in the epithelium of the villi but also in the 
glands Generally they <Kcur below the nuclei ot the host tells but sometimes 
they are above Unlike all of the other speties of the thicken in which the 
cycles of development arc regular, resulting in the otcurrente of teri.iin phases 
at certain times, all phases of the life cycle often tan be found in a single sec- 
tion of intestine infected with Eimena mitts 

TREATMENT OF THE COCCIDIAL INFECTIONS OF CHICKFNS 
Coccidiosis in chickens can be handled best by instituting prophylactic 
measures These are simple sanitary precautions designed to prevent the 
birds from obtaining massive infections 1 hese have already been discussed 
For treating cecal coccidiosis of young chicks, Beach and Davis (i), in 
1925, recommended the inclusion of 20 per cent of milk sugar or of 40 per 
cent of dried milk in the diet. They found that on such a diet the lactic 
acid released in the ceca created a decidedly acid medium which seemed to 
favorably influence the course of the infection with t.imeria tenella. Ihey 
supposed that this effect was exerted upon the sporozoites and merozoites, 
although they recognized that oocysts were discharged from affected birds 
in spite of the milk treatment. This treatment 1$ widely used at present and 
is an effective one. At the onset of the disease all of the birds are given a 
mash containing 40 per cent dried milk. This is kept before the birds as their 
sole feed for one day, at which time it generally can be withdrawn, tem- 
porarily or permanently During this period the houses and premises should 
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be thoroughly cleaned. Chemical disinfection alone is practically worthless 
in controlling coccidial infecbon. 

Hernck and Holmes (a), in 1936, introduced the use of flowers of sulphur 
for the control of cecal coccidiosis. Many others have studied this treatment 
and It IS flrmiy established that it is of value in protecting uninfected birds in 
outbreaks. The continued feeding of 5 per cent sulphur has serious disad- 
vantages, however, one of which is the production of the so-called “sulphur 
rickets.” Also, sulphur has little effect upon the coccidia which develop wholly 
in the small intestine (6). Recently Levine (7) has shown that one of the 
new “sulfa” drugs, sulfaguanidinc, when incorporated in the feed in 05 
per cent concentration, will prevent development of the species which in- 
habit the small intestine, and in a somewhat higher concentration will mark- 
edly reduce the severity of infections with E. tenetta and E. necatnx. 
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The Coccidia of Birds Other Than the Chicken 

A few years ago it was commonly believed that ccxrcidiosis of domestic 
birds was spread from flock to flock by wild birds and particularly by spar- 
rows. This belief was disproved by Smith and Smillie (2) who showed that 
sparrows commonly carried coccidia but that they belonged to the genus 
Isospora. The common species of sparrows and other wild birds is now 
known as Isospora lacaztt. It u not infective for any of the domesticated birds 
except some of the cage pets such as canaries and other members of the finch 
family. 

THE COCCIDIA OF TURKEYS 

Turkeys are occasionally affected with coccidia of the genus Etmena but 
the diseases produced by them have link practical importance. Turkeys can- 
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not be infected with any of the coccidia of chickens, nor can chickens be in- 
fected with species isolated from turkeys. Apparently the coccidia of turkeys 
are host specific Etmcna meleagrtdts, described by Tyzzer (3) in 1927, pro- 
duces a cecal coccidiosis, and E meleagnmtus, described by the same author 
(4) in 1929, affects the small intestine. The latter is similar in many respects 
to E mitts of the chicken but cannot be transmitted to young chickens experi- 
mentally, hence it is regarded as a distinct species. 

THE COCCIDIA OF DUCKS 

Oiccidiosis of ducks has been described in Europe but there is little evi- 
dence that It IS of economic importance The species concerned have not been 
thoroughly described or dignified by specific names 

THE COCCIDIA OF GEESE 

In geese three species of intestinal coccidia have been described in Europe 
These have been named Eimeria aniens, E nocens, and E parvida Rather 
severe outbreaks have lieen ascribed to the first named. 

The most important species tKcurring in geese is Etmerta truncata, which 
provinces a severe form of renal coccidiosis This disease has been known in 
several European countries for many years Only a single outbreak has been 
descrilKtl in this country, an outbreak occurring in northern Iowa and studied 
by McNutt (1) The disease affects ducklings from three weeks to three 
months of .ige When heavy infections occur the ducklings die within two or 
three days after the symptoms are first seen 1 he mortality often is very se- 
vere anil mav be nxi per cent Milder infections occur, however, in which 
rase no symptoms may be observctl Ycllowish-white spots are seen under 
the capsule of the kidney Sections show large numbers of developmental 
forms in the epithelial cells of the uriniferous tubules. The oocysts are ovoid 
in shape and* average 16 t by 2t 5 microns in size There is a protuberance at 
the smaller anil flattentd end on which the micropyle is located 
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The Coccidia of Cattle 

For many years cattle were thought to harbor but a single species of coc- 
cidium. In 1918 Smith and Graybill (8) shosved that there were two kinds 
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of ooqrsts in the feces of calves which they studied in New Jersey, one being 
very much larger than the other. Yakimoff and Galouw) (ii), working in 
Europe, decided that the one with the smaller oocyst was identical with the 
form which had long been regarded as the causative agent of bloody dysen- 
tery in Switzerland and which had been called Eimeria ziirmi Therefore 
they proposed the name E stnUht for the other. It is quite certain that these 
two species are the most prevalent in cattle, however, six additional species 
have been described. Careful work on the individual pathogenicities of these 
species has not been done, however it is generally believed that E zurnit is 
much more pathogenic than the others and is primarily responsible for most 
outbreaks of clinical coccidiosis in c.ittle There is evidence to indicate that 
some of the other species are not wholly harmless, however. 

Practically all adult cattle harbor coccidia. The oocysts usually are not nu- 
merous in the feces and methods of concentration must be used to demon- 
strate them Marsh (7) found that E smithi and E. ellipsoiilalis weie found 
most often in apparently normal cattle and E ztirmi when clinical evidence 
of coccidiosis in the herd existed Ht found sm.ill numbers of E zurnu in 
healthy cattle, however, and therefore believes that outbreaks of coccidiosts 
in cattle are not due to the entrance of new infection in the herd but to the 
release of dormant infection already there Baker (i) studied a herd of 
dairy heifers in New York for a period of 18 months and found four species 
of coccidia regularly present although no evidence of clinical coccidiosis, ex- 
cept possibly an occasional case of mild diarrhea, appeared The spceics most 
frequently encountered were E ztirmt and £ smithi In dairy districts where 
cattle are kept in many small units fairly well isoLited from each other, 
ctKcidiosis occurs very sporadically, that 1$, isolated cases occur here and there 
with no physical connection between them Occasionally outbreaks involving 
a considerable number of calves and heifers are seen, but these outbreaks are 
sporadic also. The evidence indicates that the p.irasitc is widespread and that 
clinical disease depends upon conditions which permit massive infections. It 
IS significant that in Switzerland where the disease is frequent and serious 
during the summer months, the catdc arc then on mountain pastures and 
drinking from shallow pools where conditions for sporulation of oocysts arc 
excellent In the eastern part of the United States the disease is found through- 
out the year but mostly during the warmer months and particularly during 
the early fall months. In Montana, according to Marsh, the disease occurs 
mostly during the winter months often at times when the temperature is very 
low. This situation must be due to the fact that the young animals are con- 
centrated on small areas of ground at that time of year where opportunity 
for massive infection is better than dunng the grazing season. 
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Acute coccidiosis of cattle occurs principally among young animals from 
two months to two years of age, however sporadic cases are not infrequent 
in much older animals The affected animals lose their appetites and rapidly 
lose condition as the disease progresses Dysentery associated with fetid, 
watery discharges streaked with blood is characteristic. In many cases the 
amount of blood discharged is very considerable, sometimes the discharge 
appears to consist largely of blood clots which, as a rule, are bright red in 
color, indicating that the hemorrhage onginated in the lower bowel and, as 
a consequence, has not been blackened bv action of the intestinal enzymes. 

The animals often show tenes- 
mus As a result of the loss of 
blood, affected animals often 
show severe anemia, and be- 
cause of the loss of fluids, severe 
dehydration of their tissues 
The lesions in acute coccidio- 
sis of cattle are located in the 
cecum, large intestine, and rec- 
tum T hese organs are greatly 
thickened and edematous The 
mucosa is highly hemorrhagic 
and thrown into thick folds In 
the rectum these folds run lon- 
gitudinally with large ecchy- 
motic hemorrhages which tend 
to appear principally along the 
crests of the folds The thickening is so great as to be easily recognized by 
manu.il e\amination In some cases the tenesmus results in prolapses, the ex- 
posed rectal tissue presenting a visual picture of the lesions present Clots of 
bkxid of considerable sr/e often are found, at autopsy, attached to the mucosal 
surt.ice of the cecum and large intestine 1 he mortality rate is considerable, 
probably aycraging from to 50 |)er cent in severe outbreaks. No specific 
treatments arc known The usual treatment is to give protectives such as 
mineral oil and milk containing astringents, and intestinal antiseptics. 

EnUEUA ZURNH 

This species is most often associated with outbreaks of clinical coccidiosis 
and IS lichevcd to be the most important species affecting cattle. The de- 
velopmental forms arc located wholly in the cecum and lower bowels. They 
arc never found in the small intestine. Schizonts are found largely near the 
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base of the glands and they cause considerable denudation of epithelium 
which IS the cause, of course, of the extensive hemorrhages. The oocysts arc 
nearly spherical and measure from 14 to 18 microns in diameter, averaging 
about 16 microns No micropylc is visible. The color is slightly greenish. 
Sporulation under favorable condi- 
tions takes place in from 48 to 72 
hours The prepatent period is not 
known. 

EIMERIA SMITH! 

In spite of the fact that this species 
IS very common in cattle, there is 
little information available on its 
pathogenicity. It is found in clinical 
cases of coccidiosis but always, ap- 
parently, in association with E zur- 
nit which, doubtless, is the princip.'il 
pathogenic agent. In some of their 
cases which were mixed infection of 
£. zurntt and £ snutht. Smith and 
Graybill (8) mention developing 
forms in the villi of the lower small 
intestine Since other authors deny 
that £. zurnn develops in the small 
intestine, it may be assumed that 
the forms seen in the ileum were 
£ smtthi Becker (2) quotes Wilson as saying that in pure infection of 
£ smitht, oocysts were as numerous in the content of the ileum as in that of 
the large intestine, another indication that this species muliiplics in the 
small intestine 

The oocysts are much larger than those of E. zurnn and are egg-sha|ied. 
At the smaller end a micropyle is casilv visible They are quite uniform in 
size, measuring about 21 by 29 microns The oocyst wall 1$ slightly tinged 
with brown. The sporulation time, under favorable conditions varies from 
three to five days 

EaiEKlA ELUFSOZDAUS 

Becker and Frye (3) found the oocysts of this species in the feces of a 
healthy calf. They were also encountered by Baker (1) in a herd of calves 
in which clinical disease was absent The specific name is derived from the 
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shape of the oocysts which are ellipsoidal, occasionally ovoidal. They measure 
about 15 by 22 microns, thus being considerably smaller than those of E. 
smtthi The protoplasm of the oocyst practically fills the shell when freshly 
passed, but contracts later into a spherical mass, leaving open spaces at the 
ends A micropyle can be seen at one end where the shell is slightly thinned. 
The oocyst is colorless. Its sporulation time is rather long and variable — two 
to ten days, according to Baker 
Nothing IS known of the devel- 
opmental forms of this species, 
and nothing of its patho- 
genicity. 

EMERU BUKIDNONENSIS 

This species was described hv 
Tubangui (g) in the Philippine 
Islands in igp Onlv the oocysts 
were observed and nothing is 
known aimut the developmental 
forms of ns pathogenicity Sub- 
sequently It has been seen by 
the Russi.m worker, Yakimoflf, 
and by Baker (t), in New 
York, whose identification was 
confirmed by Christensen (4) 1 he oocysts have very thick walls (2 microns) 
which are dark brown in color and show radial siriaiions They are distinctly 
egg-shaped and have a conspicuous micropyle at the smaller end Baker's 
measurements indicate that the average size is about 50 by 42 microns This 
IS somewhat smaller than was rejxined by 1 ubangui The sporulation time 
IS long — from 24 to 27 days, according to Baker, but only 5 to 7, according 
to Christensen and Porter 

EIMERIA CrUNDRICA 

Little IS know'n about the incidence of this species Wilson (10) described 
Its oocysts from Virginia cattle in 1931 It has not been reported elsewhere • 
The shape is quite elongated, the ratio between breadth and length being 
greater than in any other bovine species Its average size is 144 by 237 
microns Sporulation occurs very rapidly being complete in 48 hours under 
favorable conditions. Wilson reports artificial infection of one calf Blood 
streaked feces were noted on the 4th day Oocysts were not cltmmated until 
the 7th day. Nothing is known about its developmental stages. 

* See fuouiote on page 449 
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EIMERIA ZURNABADENSIS 

This species was described from oocysts found in Russian cattle by Yaki- 
mofF. It has not been reported from the United States.* The species also oc- 
curs in the zebu and the buffalo The oocysts are cylindrical, measuring about 
25 34 tnicrons with considerable variation noted. They are yellowish in 

color. 

EIMERIA AUBURNENSIS 

This species w,is described by Christensen and Porter (5) in 1939. Oocysts 
were found in a calf at Auburn, Alabama Later it was found in other ani- 
mals there, and the authors think that the large oocysts mentioned by Smith 
and Graybill in New Jersey, by Marsh in Montana, and by Wilson and Mot- 
ley in Virginia were untloubletlly those of this speiics 

The oocysts arc larger than those of any other bovine species except E 
thianethi, measuring 23 i by 384 microns (average) They arc the shape of 
an elongated egg The oocyst wall usually is clear and smooth and moderately 
thick ( I to I 5 microns). Sometimes, however, they have rough, mammilaied 
walls The color is noticeably brownish hut they are not so deeply stained 
as the fxicysts of E bukfdnonensts A small micropyle is located on the smaller 
end All variations from the heavily mammilaied type to the perfectly smrxith 
types are found, hut the smooth types greatly outnumber the others. Sporula- 
tion IS complete in about 48 hours under favorable conditions 

A calf which was free of all cuccidia was fed a dose of 8,000 sporulatcd 
oocysts A profuse, waterv, greenish, diarrheal discharge was noticed from the 
9th to the 13th day accompanied by slight apathy on the part of the host. 
Oocysts were not found until the 24th day when large numbers were en- 
countered. The oocyst count rapidly diminished during the next three days 
but they were discharged in small numbers for several weeks. 

Nothing IS known about the developmental stages. 

EniERU THIANETHI 

This species was described by Gwelessiany (6) in 1935 on the basis of 
oocysts found in Russian cattle This species has nut been described in 
America The oocysts are even larger than those of E auburnensts They are 
oval, slightly yellowish, and measure 28.6'by 42.6 microns on an average. The 
wall IS very thick and consists of two layers. The outer is thin and smooth ; 

* Note Without mentioning specific names, Christensen and Porter (;) state that they have 
encountered all known species of Ixnine cocculia, except E tkianetht, tn the vicinity of Auburn, 
Alabama This means, presumably, that they have encountered both E cyhn^nca gnd B 
denus 
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the inner thick and shows transverse striations. The author made no studies 
on sporuLition time or on pathogeniaty. Since he found it in only five out 
of more than 300 cattle examined, it is presumed to be of little importance. 
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The Coccidia of Sheep and Goats 

OxtidioMS of sheep often assumes serious proportions At least seven 
spiLics exist, but as in the case of the bovine coccidia, it is probable that one 
species, hnnerta mhinj’i, is concerned with most of the clinical disease 
whereas the others arc only slightly pathogenic Also, as in the bovine group, 
mixed infictions with two nr more species is the rule rather than the ex- 
ception It appears too that most adult sheep harbor coccidia (i, 3) and that 
the clinical disease develops oiilv when conditions favoring massive invasion 
exist As a rule the clinical disease is seen in lambs, seldom in the old animals. 
In the western states of this country where lambs are raised on the range and 
brought in to lie fattened in the feed lot, the disease is seen most often within 
the first month they arc on feed This has been noted by Newsom and Cross 
(4), and by Deem and Thorp (2), in Colorado in a number of successive years, 
even when sanitary conditions are well maintained. They believe, therefore, 
that the change of feed plays an important influence in favoring the develop- 
ment of the parasites; that this may be more important than the increased op- 
portunity, usually presented in the feed lot, of picking up massive doses of 
(Kicysts It has Iveen noted, for instance, that lambs fed on beet tops are more 
likely to develop severe clinical cases of coccidiosis than those that are fed 
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alfalfa or other roughage. Newsom and Cross (4) report that the incidence of 
clinical coccidiosis seen by them in a number of large bands of feeder lambs in 
the 1929 and 1930 seasons averaged 24 per cent, and deaths from the disease, 
about 2 8 per cent. In addition to the actual mortality, however, a considerable 
number of Iambs survived but failed to feed out satisfactorily as a result of the 
disease. Deem and Thorp (2) noted that as a rule the lambs arriving at the 
feed lots are already infected During the first month there is a rapid increase 
in the oocyst count, the high count is maintained for one to three weeks, 
then it declines sharply until very few can be found. Occasionally they have 
noted secondary rises in the count in the ^rd or 4th month They attribute 
this to infection with new species against which the Iambs have not de- 
veloped immunity They also notetl that Etmena paiva iisu.illy is respon- 
sible for the initial high counts and that htmena arloingt later prevails in the 
same animals All clinical cases were assocaied with the E arloingi iiiiec- 
tion 

The clinical disease is also seen in lambs at p.isiure, and even in very young 
ones that are confined before being turned to pasture The aflected animals 
suffer from diarrhea and the feces usually are streaked with blood 

An indication of the relative frecjuency of the various species of eocciilia of 
sheep IS given in the study by Christensen (i) who suiveyed too animals 
originating in Idaho, Wyoming, and Maryland, with a single .inimal from 
New York Analysis of the types of oocysts iiuhcatcd that mixed infections 
predominated There were only four negative animals in the senes, 62 
showed mixed infections (two or more sikcics) and 34 showed pure in- 
fections (one species) Oocysts of E ailoingi were found in 28 ol the pure 
infections, those of E parva in 4, and those of E granulosa and E mna-l^ohl- 
yakimovt in one each In total incidence E. ailomgi occurred 90 times, E. 
parva 50, E intricata 14, E jaurct ii, E pallida 10, E granulosa 10, and 
E nina-l(ohl-yal{tmovt 3 times In none of these cases was there any evidence 
of clinical coccidiosis 

It IS presumed that all of the s{kcics which affect sheep will also infect 
goats, but this presumption may not be correct £ arloingi iKcurs in goats, 
in fact was first described in goats, and in this animal is capable of causing 
the same type of disease as in sheep. 

EIMEKU arloingi 

The developmental stages of this species are found in the small intestine, 
particularly in the middle portions, although it may involve the greater part 
from the duodenum to the ileum The schizonts are found in the epithelial 
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celk usually above their nuclei. The macrogametocytes tend to collect in 
patches from 0.3 to 6 mm in diameter and these show to the naked eye at 
yellowish- white areas which are best seen when the bowel is opened but may 
also be detected from the serous surface These areas tend to stand up above 
the level of the mucous membrane and often arc very conspicuous. The con- 
tent of the bowel is thin, watery, mucoid, brownish, and often streaked with 
blood. 

The oocysts vary considerably in shape and size. Usually they are ellip- 
soidal, and are conspicuous because of a mucoid cap which covers the oper- 
culum at one end They measure 13 to 27 microns in width and 17 to 42 
microns in length (average is 18 by 27 microns) The cap apparently is a 
tough structure but it is often dislodged and even absent, having been lost 
The micropylc, covered by the cap, is rather wide, averaging 5 microns The 
smaller oocysts have little color but the larger are yellowish or brownish 
Sporulation occurs between 24 and 48 hours under favorable conditions. 

EOIERIA PARVA 

Except for E arloingi, this seems to be the most prevalent species of coc- 
cidium of the sheep There is little precise information about the patho- 
genicity of this species but it evidently is low, judging by the reports of the 
Colorado workers referred 10 alKive The developmental stages in the sheep 
have not been described The oocysts arc small and only a little longer than 
broad (sub-spherical) They measure 10 to 18 microns broad by 12 to 22 
microns long (average 14 i by 165 microns) There is no perceptible micro- 
pylc. The color is very faintly yellow or yellowish-green A heavy diffraction 
line along the inner surface of the capsule gives this oocyst a distinctive 
“double contour.” In concentrated solutions, used for concentrating the 
oocysts, they frequently collapse if left for long Sporulation occurs between 
24 and 48 hours 1 hese oocysts may be confused most readily with those of 
E palhda but they may be distinguished by being more nearly round, and 
by the double contoured appearance 

EIMERIA PALUDA 

This sjsecies was differentiated from E parva by Christensen (i) in 1938. 
Only the oocyst is known This is more elongated than that of E. parva 
Measurements average lu by 14 2 microns. The shape is ellipsoidal A micro- 
pyle IS not apparent The wall is thm, transparent, and slightly yellowish- 
green in color Sporulation is nearly complete in 24 hours under favorable con- 
ditions 




Fib loS The Coccidia of Sheep Camera lucida drawings of oocysts. Scale indicated 
in illustration (i) Etmena pallida Unsponilaied (a) £ pallida Sporulated (3) £ pawa 
Unsporulatcd (4) £ nina-\ohl yakimovt Uns]$orulaie<l (5) E ntneata Unsporulated 
(6) £ jaura Unsporulated (7) £ arloingi Unsporulated (8) h granuloia Unsporu- 
lated (9) £ granulosa Sporulated (From Christensen Courtesy ]our Parasitology ) 
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EIMEEU FAUEEI 

At one time all coccidia of sheep were considered to belong to this species. 
It IS now known that it is relatively uncommon and it is believed that it has 
httle pthogenicity. 

The oocysts are distinctly egg-shaped with a small micropyle located at the 
smaller end and without a polar cap. They average 21 microns in width and 
28.9 microns in breadth. The wall is clear and discontinuous at the micro- 
pylar end. It is of a pale yellowish-brown color. Sporulation occurs between 
34 and 48 hours The shape of this oocyst serves to distinguish it from all 
others occurring in sheep. 

EDIEIUA INTUCATA 

The oocysts of this species are very large, ellipsoidal, dark brown in color, 
and opaque. They average 32 by 47 microns in size. The micropyle is seen as 
a wide gap (averaging 8 microns) in a heavy wall, and it is covered by a 
prominent, transparent, yellowish-green cap The wall averages 2.5 microns in 
thickness and consists of two layers, the inner being twice as thick as the 
auter, more deeply colored, and more prominently striated The outer surface 
of the outer layer is irregularly corrugated Sporulation occurs in from 72 to 
120 hours. 

EDKEKU CAANULOSA 

This species was described on the basis of the oocysts alone by Christen- 
sen (1) in 1930. The oocysts are egg-shaped but differ from most forms in 
that the micropyle is located on the broad end. This suggests the form of a 
broad urn. A rather prominent polar cap covers the micropyle This cap is 
easily displaced and is often lost. The wall is of moderate thickness, trans- 
parent, smooth, and of a yellowish 4 >rown color They average 20 9 microns 
in breadth at the widest point and about 29.4 microns in length. The sporula- 
tion time is from 72 to 96 hours. 

EUIEUA NINA-KOHL-VAKIMOVI 

This species was described on the basis of us oocysts from Russian goats. 
Christensen (1) found them in three sheep in his series of 100, two animals 
coming from Idaho, the other from Maryland. 

The oocysts resemble those of E. parpa but are distinguished, according to 
Christensen, by their faint, brownish-yellow unt, somewhat larger size, a thin 
and double contoured wall at the micropyle end, and a single heavy refrac- 
uon line marking the inner surface of the wall. 
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The shape of the oocysts usually is ellipsoidal, but they are rather broader 
than most ellipsoidal forms. The micrc^yle is inconspicuous but can be found 
by careful examination. There is no polar cap. The wall is thin, pale, and 
almost imperceptibly brownish-yellow. Their average measurement is 18.3 
by 23.1 microns Sporulation is completed in the interval between 24 and 48 
hours. 
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The Coccidia of Swine 

Four species of Etmena and one of Uospora have been described in swine. 
Of these It IS probable that only one, Eimeria dchhec^t, is of much practical 
importance, although more work will have to be done on this group before 
one can he sure of this Cocadial infection of swine has been re|)orted from 
Russia, Germany, Holland, France, and the United States (Iowa and Cali- 
forma) There is little doubt but that coccidia of swine occur wherever swine 
arc raised in considerable numbers. 

Many of the earlier authors contended that coccidul infections of swine 
were benign Feeding trials by Noller and Fren/ (6) in Germany and by 
Blester and Murray (2) in the United States disproved this idea, although 
they did show that the swine strains arc probably less pathogenic for their 
hosts than those of any of the other species Both groups showed that large 
doses arc capable of producing severe diarrhea and an cKcasional death among 
young pigs Constipation frequently follows the diarrheal period. The pigs 
that recover from the acute infections frequently show severe emaciation, 
pot-bellies, and general unthriftiiiess which persists long after all evidences 
of the coccidia have disappeared Older swine usually are resistant to infec- 
tion, probably because they have passed through minor infections early in 
life and have developed a considerable degree of immunity. 

EDfERIA DEBUECKI 

This appears to be the most common and most pathogenic of the species 
affecting swine. Developmental forms are found in the small intestine, and 
to a lesser extent in the cecum and colon. They occur in the epithehal cells. 
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The oocysts vary considerably in size and shape This suggests that there may 
be more than one species included in present descriptions of this one. The 
shape varies from sub-sphencal to ovoid. Measurements given by various ob- 
servers vary from la to 3^ microns in length by 10 to ^2 microns in width. A 
micropyle is not present. The protoplasm of the unsegmented oocyst prac- 
tically fills the shell At one end of each sporocyst a knob-likc protuberance 
occurs The sporulation time varies from 7 to 9 days, and oocysts may be 
recovered from ihe feces in from 6 to 7 days after feeding sporulated oocysts 
When reinfection is prevented, (xicyst-shedding continues for 10 to 15 days, 
then ceases. The infection is sclf-limiting Second infections can be induced, 
according to Biester and Schwarte (^), but the animal shows evidence of 
considerable resistance Nearly absolute immunity to reinfection can be in- 
duced by ctintinucd day to day feeding of small numlxtrs of oocysts but this 
immunity is short lived, since it is possible to set tip a new infection with the 
same species after a lapse <if about three weeks Chronic coccidiosis of swine, 
according to these authors, is a result of continued reinfections 

EIMERIA SCABRA 

This species was described by Henry (5) in California in 1931 Appar- 
ently It has not been seen elsewhere Developmental forms occur in the villi 
of the small intestine The eiocysts arc characterized by a thick (15 to 20 
microns) shell svith a rough outer surface and a brown color The size varies 
from 16 to 25 microns in width b) 22 5 by 35 5 microns in length The shape 
1$ ellipsoidal nr slightly ovoidal At one end, the small end of the ovoidal 
forms, the shell wall is considerably thinner than elsewhere but a definite 
micropyle is not present The non-segmenicd cxieyst presents a shell nearly 
filled w'lth the cytopkism whin freshly passed but later the cytoplasm con- 
tracts into a spherical form before dividing S|X)rulatiun is completed m 
from 9 to 12 days under favorable conditions 

EIMERIA PERMINUTA 

This species w'as ticstribed by Henry (5) in California in 1931 and ap- 
parently has not been encountered elsewhere. Nothing is known about it 
except the otKVsts which resemble those of E. scabra except that they are 
much smaller They resemble the oocysts of E dehhecl^t in form and shape, 
but the latter does not have the roughened surface of this species. The color 
IS yellowish. They measure from 9^6 to 128 microns in w'idth by 11.2 to 16 
microns in length. The sporulation time is about 12 days. 
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This species was discovered and described by Henry (5) in 1931 and has 
not been reported elsewhere Only the oocysts arc known. These arc char- 
acterized by small spiny structures which arise in the shell and project about 
I micron beyond its surface They are spaced about 1 micron apart over the 
entire surface. The color is brown The form is ellipsoidal and no micropylc 
*ss visible The measurements vary from 128 to 16 microns 111 breadth by 16 
to 224 microns in length The sporulation time is about 12 days 

ISOSPORA SUIS 

In 19^4, Biester and Murray (3) published a brief note on their finding of 
a coccidium belonging to the Isospora in swine A few additional details are 
given by Biester in a note appearing m Becker's (1) book on the loccidia No 
other references to this organism have been found. 

The txicysts are thick-wallcd (i 5 microns), yellowish-brown in color, and 
sub-spherical in shape A micropyle was not seen In breadth they average 
about 195 microns, in length about 225 microns Sixirulation is completed 
in about 4 days Oocysts arc elimin.itcd in from 6 to 8 days after a single 
infective feeding and this continues for about 8 days 
The developmental forms occur in the epithelium of the villi of the small 
intestine Diarrhea occurs on the 6th or 7th day after feeding There is 
no blood in the diarrheal discharge Constipation follows the period of 
diarrhea The species appears to be host specific Dogs, guinea pigs, and rats 
did not become infected when fed sporulated oocysts, and conversely, pigs 
faded to develop infection when fed sporulated txicysts of Isospora k^enuna 
from the dog 
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CHAPTER XXXVII 


THE SPOROZOA (continued) 


The Hemosporidia 

The hemosporidia are blood-inhabiting protozoa which are closely related 
to the coccidia, and may possibly have originated as coccidia The stages in 
the life cycles arc verv much alike as will be seen by comparing them In 
both cases infection of the vertebrate host occurs as the result of the inva- 
sion of suitable cells by sporozoites coming in from the outside These sporo- 
zoites, developing inside of ceils of the host, become schizonts which pro- 
duce a crop of merozoites These give rise to a second generation of schizonts 
In the case of the ccKCidia all of this goes on in epithelial cells, usually 
of the intestinal tract. In the case of the hemostwridia the cells are those of 
the vascular system In both cases the schizogonic multiplication finally 
ceases, an alternation of generation occurs, and gametocyies are formed At 
this stage there is divergence. In the group of coccidia fertilization occurs in 
the original host, zygotes are formed which are protected by oocysts and these 
leave the host to undergo sporulation as free bodies in moist soil, or in water 
In the process of sporulation s|X)ro7oites are formed which are then ready 
to infect another host if chance causes them to be ingested. In the group of 
hemosporidia, the gametocytes are not fertilized in the vertebrate host but 
must wait until they reach the stomach of a blood-sucking arthropod The 
zygotes resulting from the fertilization in the stomach of the arthropod, in- 
stead of being motionless bodies as in the coccidia, arc worm-like organisms 
(ookinetes) which bore their way through the stomach wall to form oocysts 
in the tissues These increase in size and their cytoplasm divides into many 
small cells each of which eventually becomes a highly motile sporozoite. These 
sporozoites migrate to the mouth parts of the arthropod and are ready to 
infect another vertebrate host at the time of the next blood meal. 

The hemosporidia arc divided into two groups of families which are 
known as the Hemoproteidae and the Plasmodiidae Members of the Hemo- 
proteidae multiply by schizogony in fixed cells of the circulatory system (usu- 
ally endothelial cells of capillaries) and only gametocytes are found in the 
circulating blood. The Plojmodudae, on the other hand, develop wholly in 
the circulating erythrocytes, hence both schizonts and gametocytes are found 

4s8 
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in the circulating blood. Because of the absence of the schizogonic form of 
the Hemoprotetdae in the circulating blood, diseases caused by such forms 
cannot be transmitted direcdy from one vertebrate host to another by the 
inoculation of blood This can be done, however, in the plasmodial diseases. 
Sporogony, m diseases caused by both groups, occurs only in blood-suckiiig 
invertebrates 

The Hemoprotetdae arc further divided into two genera, Hemoproteus 
and Leucocytozoon Members of the genus Hemoproteus occur only in birds. 
A great many species of wild birds harbor them. The gametocytes are found 
m the erythrocytes, the fully developed forms being horse-shoe shaped, form- 
ing a sort of collar or halter around the nuclei. This suggested the name 
Haltendiiim by which these forms arc mmmonly known. 

The Hemoproteus Group 

Members of the genus Hemoproteus occur in many wild birds but so far 
as IS known do not affect any of the domesticated species except the pigeon. 
Hemoproteus columbae of the pigeon occurs m the Mediterranean region of 
Europe and Africa, in India, and in South America It h.is not been reported 
in North America. The transmitting agent is a blood-sucking fly, and pos- 
sibly other arthropods. 

The Leucocytozoa 

Memhers of this group of hemos^ioridia are found only in birds. The name 
was given by earlier workers who believed that the greatly distorted cells seen 
in the circulating blood which harbored the gametocytes were leucocytes. 
These cells are devoid of hemoglobin but it is now believed that they are im- 
mature erythrocytes rather than leucocytes. 

Leucocytozoa occur in the blood of many species of wild birds They have 
been reported also in the domestic duck and turkey, in which they cause seri- 
ous losses There have been reports also of infections of chickens and geese 
but little IS known about them Heavy losses of wild ducks, wild turkeys, and 
wild grouse have been attributed to members of the group. The transmitting 
agents, in the cases in which the life cycle has been worked out, have been 
gnats or black flies of the genus Stmulhdae. 

LEUCOCYTOZOON SMITHI 

In connection with his studies on enterohepatitis (blackhead) in turkeys, 
Theobald Smith (4) in 1895 mentioned certain structures in the blood which 
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undoubtedly were the gametocytes of this organism, hence it has been named 
in hts honor Laveran and Lucet (2) saw the parasite in France in 1905 It 
was described again by Volkmar (6) in this country in 1930 Skidmore (3) 
described a serious outbreak of the disease in a turkey flock in Nebraska in 
1932. Johnson and co-workers (i) in Virginia published a number of papers 
between 1935 and 1938 on the parasite and the disease which apparently is 
rather serious in many parts of the southeastern United States Travis, Good 
win, and Gambrell (5) described the disease in the same area in 1939 
The disease affects young birds, principally those under twelve weeks of 
age The mortality rate may be very high. In the flock described by Skidmore 
there were only 40 poults remaining at the end of the summer out of an 
original flock of 385 birds Symptoms in the young birds may be seen for 
only a day or two before death intervenes The sick birds lose their appetites, 
appear depressed, and have a tendency to lie down When disturbed these 
birds move with difficulty. Often they fall over, gasp a few times, and arc 
dead Infections of older birds usually are nut so severe and many show 
no symptoms Such birds may he earners for several months, and they con- 
stitute the means by which the infection is piopagated from one year to the 
next. Johnson mentions a common symptom of moist tracheal rales which 

he believes is a part of this dis- 
ease Older birds may become se- 
verely emaciated and anemic The 
liver generally is enlarged and the 
gall-bladder distended The lungs, 
liver, and spleen usually are con- 
gested The proventriculus and ihe 
first portions of the small intestine 
arc often congested and edematous 
The pericardial sac may be filled 
with fluid. 

Morphology and Staining Proper- 
ties. As they occur in the blood, 
the gametocytes are elongated struc- 
tures of such size that they arc quite 
conspicuous. Some authors refer to them as “cigar-shaped." They stain rather 
darkly with Wright's and Giemsa’s sums The cells in which they are located 
have pointed ends This form is seen only when the blood-films are quickly 
made, for shortly after blood is drawn from the bird, the protoplasm of these 
cells tends to assume a spherical form. Two nuclei are found in most of these 



Fig 109 Leucocytozoon smttfit A 
stainetl blncxl Aim of a turkey showing two 
macrogametocytes and one niicrogameU>> 
cyie. Each body has two nuclei, one being 
that of the parasite and the other that of the 
parasiti 7 ed crMhrotytc x 200 (Courtcs> of 
E P johnson ) 
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forms, one presumably being the nucleus of the parasitized cell. Skidmore does 
not give measurements but his photomicrographs indicate that the parasites are 
from three to four times as long as the greatest diameter of the normal 
erythrocytes Johnson and his co-workers, and West and Starr (y) point out 
that differentiation of the microgametocytes from the macrogametocytes is 
not difficult, the male cells being much more lightly stained than the female. 
The latter give the average measurements as to 5 by 20 microns. 

Transmission. The disease cannot be transmitted by the inoculation of blood. 
A few gametocytes may be found in the blood after such inoculations but 
they tend to disappear, arid the bird shows no symptoms of the infection. 

In Virginia the natural transmitting agent, according to Johnson, Under- 
hill, Cox, and Threlkeld (i), is Stmuham mgroparvttm, a black fly which 
breeds abundantly in the small streams of the western part of that state. In 
Nebraska, Skidmore showed that the transmitting agent was a bkick-fly but 
one of a different species, Stmultum ocadentalc Hoth of these flics are active 
blood-suckers, and turkeys are attacked vigorously especially in the region 
of the he.id. The small insects act as true hosts, the life cycle in them being 
very much like that of the other hcmos|wridia Zygotes and (xikinetes have 
been identified in the stomach contents of infected flies. Oocysts h,ive not 
been definitely identified but sporo/aiites have been recognized in the salivary 
glands in from 3 to 5 days after infective feedings In experimentally in- 
fected turkeys gameUKytes have been found 111 the lilood on the egh day. 
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LEUCOCYTOZOON SIMONDI 
Synonym. Leucoevtozoon anatts 

Attention was drawn to the probable importance of this species by Wick- 
ware (4) in 1915 who investigated a serious outbreak of disease of ducks near 
Ottawa, Canada, which he believed was caused by this parasite. Thinking that 
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the parasite had not been described previously, he proposed the name Leu- 
cocytotoon anaus by which it is best known. In 1938, however, Herman (i) 
called attention to the fact that Mathis and Lcger had described what seems 
to have been the same organism in 1910. This being the case, the name pro- 
posed by the latter takes precedence over that of Wickware. Most of the de- 
tails of the incidence of this species and lu life cycle were clarified by O’Roke 
(a) (3), working in Michigan. 

Moiphology. The microgametes arc spindle-shaped structures oriented 
parallel to the cell nucleus, which becomes very elongated. The host cells 
average 46 6 microns in length, the parasite 31 to 4 3 by 14.7 to 18 9 microns. 
The cytoplasm stains a pale-blue with Giemsa's stain. The nucleus is centrally 
located, oval, pale pink in color, and it shows no karyosome The macrogametes 
occur in the same kind of host cell but these cells become more elongated, 
measuring 554 microns in length on an averngc The spindle-shaped parasite 
measures 3 2 to 4 4 by 14 5 to 22 microns The cytoplasm is stained dark blue 
with Giemsa's stain, and it is granular The nucleus is spherical, centrally lo- 
cated, and It contains a distinct karyosome. 

Pathogenicity. This parasite attacks both wild and domestic ducks The 
mortality rate in young ducks, according to O'Roke, amounts to about 35 
{ler cent. Adult birds carry the parasite with no evident effect on their health. 
The infected ducklings refuse their fcKxl and show evidence of stupor. When 
aroused they often show violent paroxysms The head is frequently carried in 
a [Tecuhar (xisituin and sometimes is waved in a peculiar fashion Often there 
is difficulty in maintaining equilibrium, the wings frequently being called 
into play in the effort to stand Wickware mentions a purulent ophthalmitis 
as a frequent symptom Death usually occurs within a day or two after symp- 
toms arc first observed The only gross lesions, aside from anemia in the more 
chronic cases, is a hemorrhagic enteritis 

Transmission. At the place where he worked in Michigan, O'Roke found 
that all ducks that were not protected from the bites of the black-fly, Stmultum 
venustum, which was very prevalent, became infected with the protozoon. 
7 hose that were kept under screens escajied The developmental forms in the 
fly were traced. 

Life Cycle. Schizonts arc found in the capillaries of the lungs, liver, spleen, 
and kidney but only gamctocytes occur in the blood Following the bite of 
infected black-flics, gamctocytes are first found on the 7th day By the loth 
day these have matured. The bird shows symptoms and may die at this time 
although more often it dies on the 12th day. 
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O’Roke was able to follow the entire life cycle in the fly. Gametogenesis and 
ookinete-formation takes place in the stomach. The oocysts form in the outer 
layers of the stomach wall and the sporozoites escape to the salivary glands. 
O’Roke estimated that the entire cycle in the black-fly requires about 5 days, 
and since that m the duck requires about 10, the whole life-cycle of the parasite 
can be completed m about 15 days. 
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LEUCxxnrrozooN bonasae 

This parasite was discovered by Clarke (i) in 1934 in ruffed grouse which 
were dying in large numbers in Algonquin Park, Ontario The mortality was 
largely among the young birds of which about 60 per tciu had tlicd by mid- 
summer All dead birds showed this parasite in their blood and no other cause 
for the mortality could be found, hence he was inclined 10 attribute the deaths 
to It. Since It has long been known that grouse mortality is periodic in the 
northern countries, the population rising and falling in cycles, the author (2) 
suggests that this parasite may possibly be the causative .igent 
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The Plasmodia 

Malaria is one of the most widespread and most serious diseases of man. 
Three principal types of malaria are known, these corres|x>nding to three dif- 
ferent species of plasmodia which are the causative agents. Both schizonts and 
gametes occur in the erythrocytes of the circulating blrKxl As a result of the 
incomplete destruction of hemoglobin by the parasites, a brownish-black pig- 
ment known as melanin or hcmozoin is-formcd and appears as granules in the 
parasitized erythrocytes. The diseases can be transmitted from man to man by 
the injection of infected blood but they arc transmitted naturally by anophetine 
mosquitoes in which the sexual cycle of the parasite occurs Among animals, 
plasmodial infections occur in monkeys, a number of species of oriental mam- 
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mala, and in cenain repcilea, but they occur most frequently in birds. In gen- 
eral the species are rather host specific but this does not always apply in the bird 
malarias. 

According to Herman (3) at least 30 North American species of birds har- 
bor malaria parasites. A great many bird-infecting species of plasmodia have 
been described but it appears that many of these are not valid and that actually 
the known valid species do not number more than a dozen. Herman (3) limits 
them to 8, and Manwell (5) to 12. 

A great deal of work has been done on the malarias of birds, partly because 
of their intrinsic interest, but more especially because they are easily trans- 
mitted and handled in the laboratory and have yielded much information 
which has led to important advances in our knowledge of human malaria All 
but 3 of the known avian species are infective for canaries, and since this 
IS a convenient bird with which to work, it has been commonly used. Acute 
and fatal infections, or chronic infections, can be produced experimentally at 
will. The parasites can be readily studied in the blood of these birds In a 
general way, they resemble the forms which occur in the blood of human in- 
fections. 

The malaria infections of birds are transmitted by mosquitoes, hut unlike the 
human infections, they are transmitted, with one exception, by culicine species. 
The exception is Plaamotimm galltnaceum, which will he referred to below 

Three species of bird-malana parasites, Plasmodium praecox, P circiim- 
flexum, and P. cathemermm are relatively common 111 passerine birds in 
North America Ordinarily they do not appear to do a great deal of damage 
to their hosts but all three are capable, experitneutally, of causing fatal infec- 
tions. Manwell (4) has demonstrated that all three of the species mentioned 
are capable of des eloping in chickens but the developmental level in this ab- 
normal host IS so low that parasites could nut, ordinarily, be demonstrated 
in their blood by microscopic examination but had to be detected by massive 
inoculations of blood into more susceptible birds. Infections in no cases lasted 
more than to days Taliaferro and Taliaferro (6), working with another 
s()ecies {P lophurae) succeeded in producing an acute rise in blood parasites 
by inoculating chickens with large doses, but tbe numbers disap{ieared rapidly 
and this was followed by a period of latency which lasted as lung as four 
months 

The only species of bird malaria which is of any economic importance in 
domesticated birds is P guUinaceum which, as has been pointed out above, 
IS unlike all other known species in that it is transmitted by anopheline 
mosquitoes. This species does nut occur in North America, except in certain 
laboratories, where it 1$ being studied because of its closer relation to human 
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malaria than the common bird types. P. gallinaceum was described and 
named by the French parasitologist, Brumpt (i), who obtained it from Cey- 
lon. According to Brumpt (a) this species develops rapidly in all of the yel- 
low fever mosquitoes and other anophcline types but not in the culicine 
species. It IS highly pathogenic for chickens, particularly for young birds. 
Older birds are more resistant and often become chronic carriers Geese 
are also readily infected, but ducks, pigeons, and canaries are refractory. 
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The Piroplasmata 

Members of the sub-order Ptroplaavudea inhabit the red blood corpuscles of 
their hosts but do not form the bltKid pigments from hemoglobin (melanms) 
which characterize the members of the Hemoproteus and Plasmodium grtiups 
Each parasite consists of a small bit of cytoplasm and a nucleus With Giemsa’s 
stain the cytoplasm stains bluish and the nucleus red They divide (schizog- 
ony) into 2 or 4 daughter elements and never into large numbers as in 
the malaria group 

The sub-order Piroplasmtdea is divided into two groups, the families 
Babesudae and 1 halerudae The members of the first family develop wholly 
in the red blood cells, whereas the schizogonic forms of the latter are found 
exclusively in endothelial cells of the iniernal organs and only the gamctocytcs 
occur in the erythrocytes of the circulating bltx)d 
There is considerable confusion with respect to the nomenclature of mem 
bers of the family Babesudae Some authors recognize as many as six genera 
in this group while others prefer to group all into a single genus, Babesia. The 
single generic name will be used here, the other generic names being given as 
synonyms. 


The Babesiae of Cattle 

In 1893, Smith and Kilbornc (6) described the blood prasite of the scKralled 
Texas fever of cattle and gave it the name Pyrosoma bigemina Since this 
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generic name was found to have been pre-empted for another organism it was 
shortly changed to Ptroplasma under which it is best known. The group of 
diseases which later were found to be caused by this and similar organisms arc 
frequently called the piroplasmoses. It appears, however, that Babes (i) had 
seen and described this organism in Roumanian cattle in 1888, although he was 
mistaken as to us nature, and that the generic name Babesta had been sug- 
gested for It in his honor before Smith and Kilborne had applied their name. 
The name Babesta accordingly has priority. 

Three types of piroplasmoses of cattle are recognized The diseases are 
similar but the parasites are morphologically and immunologically different 
and the transmitting agents differ American students arc particularly inter- 
ested only in one of these, Babesta btgemina, since it is the only one that oc- 
curs in the western world 

BABESU BIGEMINA 

Synonym Ptroplasma btgemina. 

This organism was first accurately described by Smith and Kilborne (6) in 
the United Slates in 1893 These workers also made the discovery that the in- 
fection was transmitted by an arthropod, a discovery of epochal importance 
since this was the first protozoan disease shown 10 be so transmitted. 

Morphology. Babesta bigemtna occurs in the erythrocytes as pear-shaped 
forms, principally, although round and irregular forms arc not uncommon 
Generally the pear-shaped forms are seen in pairs and this accounts for its spe- 
cific name The two individuals of the pair lie side by side with their pointed 
ends m contact with each other. They arc about 4 microns in length and he 
crosswise of the erythrocytes Sometimes only one form appears and in other 
cases there may be 4, arranged in fan-shaiied formation Multiplication is by 
cell division, 2 individuals resulting from division of each of the mature forms. 
The chromatic material is divided ecjually between the newly formed indi- 
viduals, taking Its place as a distinct granule located near the small end of the 
pear-shaped cells Details of the growth process at this stage are rather meager. 
Apparently the host cells are destroyed since hemoglobinemia is a prominent 
part of the pathological picture It is believed that the pear-shaped elements, 
freed from one cell, proceed to invade others, repeating the process in the sec- 
ond cell. In acute piroplasmosis large numbers of infected cells are seen in 
blood films. In chronic cases it is difficult and often impossible to demonstrate 
parasites in blood films, but the infection can be shown to be present by in- 
oculating young susceptible calves with the blood. In Giemsa-stained blood 
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films the cytoplasm of the parasites stains bluish and the chromatic material 
red. The erythrocytes take a ycllowish-pink color, although many of them arc 
low in hemoglobin and take a pale straw color as a consequence. 

The Transmitting Agent. In the United States the sole transmitting agent 
IS the Southern blue tick, frequently called the Texas fever tick, or Margaropus 
annulatus {Boophilus annulatus) At one time this tick was prevalent in the 
southern half of the United States but the eradication campaign which has 
been waged against it since iga6 
has eliminated it from all but 
eight counties in southeastern 
Texas. More than 99 per cent 
of the territory in the United 
States originally infected with 
this tick (and Texas fever) has 
been freed from the tick and the 
disease transmittetl by it The 
island of Puerto Rico and some 
of the Virgin Islands have also 
been freed. The Chief of the 
Bureau of Animal Industry (4), 

U. S Department of Agricul- 
ture, reported in 1941 that no 
cases of Texas fever had been 
reported in the United States 
for more than two years 

In other parts of the world 
other species of Murgaropus are 
responsible for transmuting this parasite In southern Europe it is M. cal- 
caratus, in central Africa, M. Jecaloratut, in Australia, Brazil, Venezuela, 
and the Caribbean Islands, M austraiis * 

Since these ticks are the only means by which piroplasmosis of the Texas 
fever typie is spread, the disease can be eradicated by ihcir elimination. This 
IS done by systematic dipping of all cattle, horses, and mules in an arsenical 
solution which is poisonous to the ticks In areas where the tropical tick (M. 
australis) is the transmitting agent, it is often necessary to dip sheep and goats 
as well. 

The life cycle of the protozoon in the tick is unknown. Certain devek^ 
mental forms in the stomach of the arthropod have been followed but noth- 
ing further is known about it except that some form of the parasite is 

* Thu tpecief inettad of M AnnuUuu {ormerly wu the uanunittinii agent in a linutnl area of 
fouthcro liorida 
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carried bom the adult female tick through her eggs to the larval form, which, 
when feeding upon the blood of another bovine, introduces the infection into 
the second host 

Pathogenicity. Texas fever ordinarily affects only cattle Cases in deer have 
been reported Other animals harbor the ticks which transmit the disease and 
may keep the disease alive in a community by propagating the transmitting 
agent but they are not affected by the disease, nor do they harbor the proto- 
zoon, so far as is known 

Calves are much less susceptible to the disease than older animals Where 
the disease is prevalent most calves contract the disease early, recover from it, 
and become chronic carriers throughout the remainder of their lives Such 
animals frequently are unthrifty and anemic but they show no acute symp- 
toms and arc able to resist severe exposure indefinitely When disease-free cat- 
tle are placed with such animals, acute Texas fever appears only if the trans- 
mitting tick IS present. These facts explain why Texas fever used to appear 
among northern cattle which had been shipped into the southern part of the 
United States, and why it appeared in the northern states among native cattle 
when apparently normal southern cattle were placed among them 

The early history of Texas fever in the United States is rather vague In the 
early summer of 1868, however, attention of the people was focussed on this 
disease becau.se of large losses in northern stock originating in a shipment of 
Texas cattle sent by Mississippi boat to Cairo, Illinois, and from there by rail 
to (mints in Illinois and Indiana. Cattle ship{xd from these states to other 
northern points earned the disease with them Little progress was made in 
determining the nature of the disease at that time D £ Salmon, Chief of the 
Bureau of Animal Industry, U S Department of Agriculture, surveyed the 
country to determine the areas where the disease was enzootic and defined this 
area by what came to be known as the Texas fever line This line ran across 
the country a little north of the 35th parallel of latitude corrcsjmnding roughly 
with the Mason and Dixon line. Although it was nut known at the time, this 
line marked the northern limit of the distribution of Margaropus onnulatus. 
Work on the causation of the disease was begun in the Bureau laboratories 
under Salmon's direction, the actual work being carried on by Theobald 
Smith, F. L. Kilborne, and Coo()cr Curtice, assisted by V. A Moore. Smith (5) 
published preliminary observations upon the blood proiozoon in 1889, and 
Smith and Kilborne (6) the completed study in 1893 Curtice (2) published 
his studies on the biology of the Texas fever tick in 1891. Its relationship to 
Texas fever was clearly exposed in the paper by Smith and Kilborne. 

Susceptible cattle placed among the chronically infected will, in the pres- 
ence of the transmitting tick, develop the first symptoms in not less than 10 
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days. A few instances are on record in which the disease has been transmitted 
by surgical operations, such as dehorning, when the instruments used have 
not been sterilized between animals. In these cases, the disease should make 
Itself evident in from 8 to lo days The onset is marked by a high fever, 
sometimes reaching 107° F. Hemoglobinuria frequently occurs although 
the brownish-red urine may not be noticed during life but is found at autopsy 
in the urinary bladder. The blood is pale because of severe anemia. The mu- 
cous membranes are pale and jaundiced. The animals do not eat, are depressed 
and weak, and usually die within lo days, often by the 5th to 8th day. Less 
severe cases occur, the animals recovering after to days Undoubtedly still 
milder forms occur in which few or no symptoms are seen 

Pathological Changes. Except for the usual changes which accompany 
severe anemia and icterus, the principal lesions are found in the spleen, liver, 
and kidneys 

Edematous areas often occur in the subcutaneous tissue of the ventral part 
of the body and in the fatty tissue around the kidneys. Hemorrhages are fre- 
quent in the subcutaneous tissue, on the walls of the heart, and on the mucosa 
of the urinary bladder The most conspicuous changes are in the sjilten and 
these arc responsible for the old name for this disease, splenetic jet'er The or- 
gan is much enlarged — from 2 to 4 times us normal si/c The color is 
rcddish-brown, it is often much softer than normal, and the normal structure, 
the Malpighian bodies and trabeculae, are obscured. The organ is engorged 
with blood cells and with phagocytic cells hlled with blcxid pigment. A 
great deal of free blood pigment, in the form of granules, may be seen. 

The liver is swollen, and pale in color because of fatty degeneration The 
surface and cut sections arc yellowish and mottled The bile ducts arc en- 
gorged and the gall bladder is distended with thick, viscid, dark-colored bile 
containing flocculi in suspension The kidneys often are swollen and dark in 
color The urine in the bladder frequently, but not always, 1$ tinged with 
blood pigment 

The changes are those associated with extensive blood-cell destruction. The 
count of erythrocytes which normally is about seven millions per cubic mil- 
limeter often sinks to less than one million at the time of death. Regeneration 
of blood cells ocenrv m the disease as is manifested by the presence of nu- 
cleated erythroblasts and other juvenile types in the blood stream. Extreme 
poikilocytosis, associated with the severe anemia, generally occurs. 

Immunity. A number of methods have been tried for immunizing sus- 
cepuble cattle which are to be shipped to areas where they will come in contact 
with piroplasmosis. Small doses of virulent blood usually will accomphsh the 
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purpose although the method u, of course, somewhat hazardous in itself. If 
given to calves from two to six weeks of age, as was advocated by Francis and 
Connaway (3) in Texas, the reactions usually are not severe. In older animals 
they arc likely to be severe but non-fatal. Another method of immunizing 
young calves, practiced in Texas and elsewhere, was to deliberately liberate 
one or two infected ticks on the animal before it was turned out on pastures 
where heavy tick infestations would be picked up. Within two weeks the 
animal will have passed through a mild acute attack which will protect it 
thereafter from more severe exposure. 
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BABESIA BOVIS 

Synonyms Bahestella hovts, Microhabena hovts, Piroplatma hovts 

The disease caused by this species is essentially like Texas fever It occurs 
in all parts of the continent of Europe The principal transmitting agent is 
Ixodt) nciniii, other ticks occasionally are vectors Like the piroplasm of Texas 
fever, Babesia bovis passes through the egg of the adult female to the larvae 
and these, feeding upon other animals, transmit the disease to them In mor- 
phology, this species resembles Babeiia btgemma, but they are much smaller. 
The largest diameter does not exceed i 5 microns. They are pyriform and com- 
monly occur in pairs with their pointed ends together. Some of the forms are 
so small that they appear to consist entirely of chromatic material without 
cytoplasm. 

Stockman and Wragg demonstrated that cattle which had survived infec- 
tion with B. bovts svere still susceptible to B bigemtna. This seems to indicate 
that these forms arc different species, however there is much confusion with 
regard to cross-immunization between the piroplasms, and some authors hold 
that immunity tests do not indicate relationships in this group. 

BABESU MUTANS 

Synonyms* Ptrofdasma mutans, Gomdena mutans. 

This parasite was differentiated from other blood protozoa by Theilcr in 
1906. It occurs in the blood corpuscles of cattle as very small bodies of various 
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shapes. There is difference of opinion as to whether it really is a piroplasm, 
some regarding it as a form of Thetlena parva. Infections have been recog* 
nized in southern Europe, Africa, Asia, and Australia. The infection is quite 
benign Those who believe in the piroplasmic nature of this parasite base their 
belief on the fact that schizonts are not ordinarily found in the spleen, bone 
marrow, and lymph glands, as is the case in Thetlena infections. Some, how* 
ever, have claimed that in unusually intense infections with this parasite 
schizonts are demonstrable in the internal organs 

Theiler was unable to transmit this parasite through the .igency of the types 
of ticks which transmit the other piroplasmoses. He did succeed, however, 
with Rhtptcephalus evertst and R appendtculattts. The parasite was not trans- 
mitted through the egg, as in the other piroplasms. 

The Babesiae of Sheep and Goats 

Piroplasmosis in sheep was first noted by Babes in Roumania who found the 
parasites in the blood of animals suffering from a disease known as “carceag.” 
He believed the parasite to be the same as the one which he had described in 
hemoglobinuria of cattle Later studies have shown that there arc three tvpes 
of piroplasmosis in sheep, the parasites corresponding in morphology to the 
three which occur m cattle Cross inoculations do not succeed, however, hence 
they are regarded as distinct species There is a relatively large form, to which 
Wenyon gave the name Babesia motasi, which is compar.ible to B. bigemina 
of cattle The disease produced often is severe, there being high temjieratures, 
much blood -cell destruction, icterus, and hemoglobinuria. 1 his is the "carceag” 
of eastern and southeastern Europe. Transmission is by means of a single 
species of tick, Rhtptcephalus bursa. 

The parasite of intermediate size, corrcspontling to B. boms of cattle, is 
Babesta ovis The disease produced is much milder than that caused by the 
preceding species. Fever, jaundice, and anemia arc produced but recoveries 
generally occur The transmitting agent is not known. The small s{>ecies is 
known as Babesta sergenti (Wenyon), Gonderta oms, and Thetlena ovts Its 
morphology and such facts of its life cycle as are known relate to B mtUans. 
Like the latter, it is relatively harmless to us host. The transmuting agent is 
not known. 

The Babesiae of Horses 

Piroplasmosis of horses was recognized in central Europe quite early. In 
1910 Nuttall and Strickland recognized two kinds of parasites of horses, one 
of which they named Piroplasma cabaUi, the other Nuttalha equt. 
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BABESIA CABALU 

Synonym ‘ Piroplasma cabalk. 

This species resembles Babesia bigemina in size and morphology The dis- 
ease also IS similar to Texas fever, there being high fever, icterus, anemia, and 
hemoglobinuria. It occurs in southern and southeastern Europe and in the 
Caucasus region of southern Russia Darling has reported the existence of this 
disease in Panama, this being the only region in which it is known to occur in 
the western hemisphere. It is transmitted by the tick, Dermacentor reticulatus, 

BABESU EQUI 
Synonym Nuttalba equL 

This species is smaller than B cahallt It is pyriform in shape. In the process 
of division It regularly forms four individuals, these being attached by their 
pointed ends forming a sort of maltcsc cross Later they break apart, each 
cell escaping from the parasitized erythrocyte to enter other cells in which the 
process is repeated The disease is highly virulent for adult horses and other 
species of the horse family, hut is mild in young animals. Inoculation of colts 
as a means of protection later in life is commonly practiced. The disease has 
been reported in southern Europe, Africa, southern Asia, and South America 
The transmitting agent in South Africa is Rhipicephalus evertsi 


The Babesiae of Dogs 

Piroplasmosis of dogs occurs in southern Europe, in various parts of Africa, 
and in Asia It has lieen reported in Puerto Rico and in Brazil It was seen by 
Clark in Panama in imixirtcd hunting dogs It was recognized in the United 
Stales for the first time in 195^ In the Old World the only species occurring 
in dogs IS Babesia cams The tyiie iKcumng in South America is somewhat 
different and has been placed in a different species, Babesia vitalti. Wenyon 
questions whether it should be considered as a separate species. 

BABESIA CANIS 

Synonym - Piroplasma cams. 

The disease caused by this parasite in dogs 1$ essentially like Texas fever in 
cattle. Young animals are fairly resistant, hence dogs which are raised in an 
infected environment usually suffer only from the mild, chronic form which 
may be pracucally svmptomless, yet the parasites in their blood are exceed- 
ingly virulent for animals which have never been in contact with the disease 
earlier in life. Imported dogs usually suffer from the acute form of the disease. 
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for this reason. In the acute disease there is high fever, progressive anemia, 
icterus, and hemoglobinuria, and the disease frequently is fatal. The lesions 
consist of splenic enlargement, fatty degeneration of the liver lobules with dis- 
tention of Its bile ducts, nephritis, and icterus 
The parasites arc relatively large. Typical pear-shaped forms occur in pairs 
as in the cattle disease but large amoeboid forms with large vacuoles are also 
seen The cycle of development 
was studied and described by 
Nuttall and Graham-Smith (3) 

(4) (5) (^) Ohen parasitized 
cells are much more numerous 
in the capillaries of the internal 
organs than in the peripheral 
circulation, in fact it is often dif- 
ficult to find infected hlood- 
cclls in the bltxid of acutely ill 
patients In these cases a di.ig- 
nosis can he made by the in- 
oculation of bkxid into non- 
immunc animals Such animals 
react promptly with a febrile 
reaction and the other symp- 
toms of piroplasmosis but in 
these animals it may be im- 
possible to find the parasites. 

Sanders (7) recommends, as a 
more satisfactory procedure, the 
inoculation of young, splcnec- 
tomized dogs, since in these it usually is easy to find parasites in the peripheral 
blood during the febrile period, 2 or 3 days after inoculation 
Canine piroplasmosis was first recognized in the United States by Eaton (i) 
in 1934 Since then it has become evident that the disease is not uncommon in 
Florida, and there is evidence that the disease occurs in Texas It is not un- 
likely that It occurs in other of the southern states where the brown dog tick, 
Rhipicephalus sanguineus, the transmitting agent, is common. Inasmuch as 
this tick IS becoming common in the moiic northerly states, the disease should 
be watched for in areas where it is known to occur (2). 

Canine piroplasmosis is naturally transmitted by several different ticks. In 
Europe the principle vector is Dermacentor reUculatus. In India and in the 
United States, it is Rhipicephalus sanguineus, and in South Africa, Hemaphy- 



Fig hi Habrsia cams Si nned I’loud film of 
a dog ^ulfcring from canine lubesiobis showing 
one parasiu/cd cryihrorvtc near ihc middle of the 
^eld lilts cell conuins (wo po/asius having die 
shape of apple seeds and lying characteristically 
With the pointed ends together (Specimen from 
winch photograph was made furnished through 
the courtesy of D A San>lcrv ) x 900 
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salts leacht. The parasite passes through the eggs of the ticks to the next gen- 
eration. Christopher, in India, claims to have followed the developmental 
cycle in Rhtptcephalus sanguineus and found it to be not unlike that of the 
plasmodia. 
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The Theileriidac 

It will be recalled that the Theileria differ from the Babesia in that schizog- 
ony occurs in endothelial cells of the internal organs and only certain forms 
enter the erythrtxrytes and thus appear in the peripheral blood stream. Multi- 
plication within the blood cells does not occur, and the blood ordinarily is 
not infective by iiVKulation Occasionally some of the endothelial cells con- 
taining schizonts ap|icar in the circulation and this explains why Theiiena in- 
fections can sometimes be transmitted by blood injection. Theileria parva, the 
cause of East Coast Fever in cattle is the most important representative 

THEILERIA PARVA 

Synonym. Theileria kpeht. 

This parasite is the cause of East Coast Fever of cattle, a disease which 
causes severe losses in the countries along the greater part of the eastern coast 
of Africa It also occurs in Transcaucasia and India The disease was long con- 
fused with piroplasmosis since Imth diseases occurred in the same area and 
the same animals often were infected wnth both. It is now recognized that 
chronic carriers of piroplasms often suffer from acute attacks because of the 
stimulation offered by the 7 heiierta. In East Coast Fever the anemia, icterus, 
and jaundice, so characteristic of piroplasmosis, is absent. In from 10 to 20 
days after infection, fever begins and there is swelling of the superficial lymph 
nodes. There is difficulty in respiration, emaciation and weakness, and the 
passing of dry, tar-hke, bloody feces At the height of the fever as many as 90 
per cent of the red blood cells contain the characteristic parasites, however the 
blood cells are not destroyed by them, as in piroplasmosis. The disease is or- 
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dinartly of short duration and the majority of affected animals die Milder 
forms of the disease are known Animals which recover do not continue to 
harbor the parasite for ticks cannot be infected from them. In this respect 
this disease differs from all the piroplasmoses. 

Animals which die of this disease present petechial hemorrhages on the 
serous membranes and in the subcutaneous tissue All of the lymph nodes are 
enlarged but the spleen is essen- 
tially normal in size and color. 

Hemorrhagic and sometimes ul- 
cerative enteritis is seen The 
kidneys sometimes show wedge- 
shaped infarcis 

Most char.-'cteristic of this dis- 
ease are the structures com- 
monly called “Koch’s blue bod- 
ies" (2) which are found in the 
lymph nodes, the spleen, and 
in smaller numbers fn other 
organs They are from 3 to 
10 microns in diameter, are 
roughly spherical, and occur 
within endothelial cells, espe- 
cially of the capillaries In films 
they sometimes appear to be 
free but it is believed that this 
IS because the mother cells 
have brtikcn down. In films 
or sections stained with Giem- 
sa’s stain they appear as masses 
of bluish-stained cytoplasm in 
which numbers of rcd-stainiiig chromatin dots varying from i to 2 to 30 or 
more are seen These arc the schizonts of the parasite. When fully mature 
these break down, releasing minute elements, each containing one of the 
chromatin granules These either enter other endothelial cells to repeat the 
multiplicative process, or they enter red blocxl cells and circulate in the blood. 
In blood films these are seen as round bodies, i to 2 microns in diameter, or 
they may be ovoid, pear-shaped, or elongated, rod-like forms. Most of the 
erythrocytes contain only i element but 2 or even 4 may he found in a single 
cell. It IS believed that the multiple forms represent multiple invasions rather 
than multiplication within the cell. Occasionally, in very severe infections, 



Fk. 112 I heilena pal VII Forms of the para- 
site founil in the circulaiing erythrocytes during 
the febrile period of r.ist ('oast Feser Unlike the 
piropiasms, winch these bodies resemble, the 
priAo/oim of this disease docs not ordinarily mul 
tiply in the circtilaiing blood, and blocxl usually 
IS non infective When more than one Ixxly is 
found in a red rorpuseic 11 is lx.lieved that a mul- 
liplc infection has rxeurred The sclii/xigunic 
phases of this parasite occur iii the tissues in the 
form of “Koeh’s blue bodies ” x 900 
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Koch’s blue bodies may be found in the blood, and such blood is infecuous 
when injected into other animals. This is the exception rather than the rule. 

Thalerta parva is transmitted most commonly by the tick, Rhtpicephalus 
appendiculatus R. simus, R evertst.R. nitens, and R. capensts are also capable 
of transmitting it Nuttall and Hindle ()) who studied this disease in England, 
using infective ticks brought in from Africa, noted that animals did not be- 
come infected unless the tick was allowed to feed for at least two days. As in 
the case of the piroplasms, knowledge of the cycle in the tick is rather vague. 
Gonder (i) claims to have traced a cycle not unlike that of the malaria para- 
sites. 
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The Anaplasmata 

In the course of their ckissical work on piropkismosis or Texas fever of 
cattle, Smith and Kilborne observed and described small coccus-like bodies 
located near the periphery of many of the red blood cells in animals suffering 
from the disease They interpreted these bodies as a stage in the life cycle of 
the Texas fever parasite It is clear toilay that these small bodies were not piro- 
plasms and that they were dealing with animals which suffered from two dis- 
eases simultaneously, anaplasmosis and piroplasmosis In 1910, Theilcr (7) in 
South Africa, differentiated the two diseases, but since both occurred in the 
same regions, there were many who dis.igrccd with Theiler and continued to 
look ujxin the small marginal Ixidies cither as artifacts or as piroplasms. The 
matter was not fully cleared up until recent years when anaplasmosis has been 
found to be prevalent in most of the southern and some of the northern states 
of the United States, regions that are now free of piroplasmosis (6) and in some 
cases regions in which piroplasmosis has never been knots n to occur Anaplas- 
mosis has been definitely diagnosed in at least twenty-two states, including, in 
general, all of the states of the southern half of the country and a few of the 
more northerly It has not been diagnosed in the New England states and the 
northern tier of states with the exception of Idaho and Montana All doubts 
about Its infectious nature and us separate identity have been removed by these 
experiences. 
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ANAHJISMA MARGINAUE 

This name was given to this organism by Theilcr. The word anaplasma 
means without plasma (cytoplasm) and refers to the fact that the parasite 
seems to consist of nothing but a small bit of chromatic material without any 
evidence of cytoplasm The specific name is derived from the fact that these 
bodies arc located, characteristically, near the pcriphcrv of the red blood cells 
and thus appear, in smears, as if on the margin of the cells 


Moiphology. The parasites of anaplasmosis are seen in the red blood cor- 
puscles as minute, deeply staining points usually located near the margin of the 
cell If stained with the Giemsa 
stain they are deep red in color, 
with other stains they are apt to 
be so dark that color in them 
IS not distinguished Thev are 
spherical in form and ordinarily 
there is but one organism per 
cell, although two or more mav 
be seen in some cells In the early 
stages of the disease before the 
temperature rise CKCurs, few or 
no parasites can be found. When 
the febrile period begins the 
percentage of infettcd tells may 
reach 25 per cent or even more 
than 50 per cent If the animal 
recovers the number of cells 
containing the marginal brxlies 
diminishes rapidly until none 
can be found microscopically The WoikI of recovered animals is in- 
fectious for many years and probably for life, hence it is proltable that 
a few bodies are present indefinitely, so few as to make the finding of them 
impossible. 



Fig 1 13 Anaplasma margtnsde Staiiied 
hlcxicl htm frcim a cow suffering from acute ana- 
plasmovis and showing tnany organisms m her 
bhjod X900 


Life History. The life history of the parasite of anaplasmosis is wholly un- 
known and therefore its proper classification is problematical. It is included 
here with the piroplasms, because of the-similarity of the diseases caused by 
them, but it should be pointed out that our knowledge of the Anaplasma mar- 
ginale is much less complete than that of Bahesta btgemtna. It is known, for 
example, how the piroplasms multiply; this is not known for the anaplasma. 
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It cannot be said, in fact, that it has been proven that the bodies which arc 
found in the red cells are protozoa and the cause of the disease in which they 
are found. 

The Natural Disease. Anaplasmosis occurs only in cattle As in piroplas- 
mosis, young animals arc quite resistant. Cases in calves under one year of age 
are rare, although in infected territories many calves pass through the infec- 
tion and become immune carriers. The natural resistance of young calves is 
removed by splenectomy. The marginal bodies appear in great numbers in 
such animals, hence, they are suitable for diagnostic purposes 

In older animals the disease may be acute or chronic Those affected with the 
acute form may die within two or three days after the appearance of the 
first symptoms. The disease begins with a high temperature, 105° to 107° F 
After a day or two, signs of anemia and icterus appear and about this time 
the temperature falls to normal and even sub-normal as death approaches The 
mucous membranes are pale and yellowish The yellow color is evident also 
in the thin-skinned parts of the body Urin.uion is frequent but the urine is 
not blood-tinged, as it often is m piroplasmosis. The animal usually is con- 
stipated, the feces being dark, often blood stained, and covered with mucus 

In the more chronic cases the animals live longer, arc weak, progressively 
emaaate, show icterus and anemia The red blood cell count may fall from a 
normal of about 7 million to less than i million per cu mm , the hemo- 
globin may be less than 10 per cent 

The mortality is quite variable. It may be greater than 50 per cent, or less 
than 5 per cent Losses are greatest in hot weather, and in older animals 

In natural infections the period of incubation vanes from 20 to 40 days Ex- 
perimentally symptoms may be pniduced much earlier by inoculation with 
large closes of acutely tiifccted blood. 

The diagnosis is made conclusive, of course, bv the finding of the character- 
istic marginal bodies in the red blood cells In this connection it is well to 
warn the examiner to be cautious in his identification, so as not to confuse 
such structures as basophilic stippling and the “Jolly” bodies, seen in severe 
anemias, as anaplasmata. Artifacts resembling these bodies often are seen, 
also. The examinations should be made only on gotxl films which are well 
stained. 

Schmidt (5) says that he often has encountered typical cases of anaplasmosis 
in which he was unable to demonstrate blood parasites. These occur in ani- 
mals which have been inoculated for diagnostic purposes and sometimes lead 
to embarrassment. It is necessary in such instances to inoculate another animal 
known to be susceptible. The chances of finding the parasite in the blood in 
inoculated animals is much better if mature rather than young animals arc 
used 
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Boynton and Woods (3) have reported a simple test which seems to have 
some value in the diagnosis of anaplasmosis. The blood is allowed to clot and 
a little clear serum is obtained. Two drops are added to two cc. of distilled 
water in a lube. The serum of normal animals does not cloud the water; that 
of animals affected with anaplasmosis causes an immediate clouding and after 
standing overnight, a white precipitate covers the bottom of the tube. Animals 
affected with acute anaplasmosis and recently recovered carriers give this re- 
action. The test depends upon the precipitation of cuglobulin which appears to 
be present in increased amount in this disease 

The principal lesions are those associated with blood destruction, anemia, 
and icterus. The spleen is enlarged and the pulp is dark and soft The blood 
appears as if diluted with water A catarrhal enteritis is common. There may 
be a few petechial hemorrhages on the heart-wall and on the mucosa of the 
urinary bladder The lymph nodes are swollen and edematous. Ihe liver 
shows marked icterus with the bile channels engorged and the gall bladder 
distended with dark green, mucilaginous bile. 

Transmission- At least 17 species of ticks have been shown to be capable 
of transmitting anaplasmosis Most of these probably are mechanieal rather 
than biological carriers but it is known that several species are biological ear- 
ricrs (1) (2) Among the latter are Marguropui annutalus, Dcrmacentor 
occiiientahs, and Deimacentor antler sont which occur in the United States. In 
these species the infective agent passed through the egg into the next genera- 
tion of the species. Nothing is known about the life cycle of the anaplasma 
in the invertebrate biological vectors 

In addition, at least seven species of horse-flies (Tahamdae) have been 
shown to be mechanical carriers and certain mosquitoes have also been in- 
criminated The stable fly {biomoxys ealenrans) and the horn fly {Hematoha 
serrata) apparently seldom, if ever, act as transmitters. 

An important means of transmission is through the use of common sur- 
gical instruments which have not been thoroughly disinfected after being used 
on one animal anti before being used on another. Reese (4) has shown that 
anaplasmosis can very easily be carried on a lancet which 1$ used foi drawing 
blood if It is merely wqxd after being used on an infected animal. Outbreaks 
have occurred in herds after dehorning operations, the drawing of blood sam- 
ples, castrations, and minor operations. In areas where anaplasmosis occurs, 
veterinarians should be exceedingly caution., in carrying out these mass opera- 
tions to avoid serious consequences resulting from the spreading of this disease 
to many animals from a few, or even one, carrier animal. 

Immunity. Animals which recover from anaplasmosis remain carriers for 
long periods and probably for life. Such animals arc resistant to additional in- 
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fccUon. Young calves are relatively resistant to the infection. Symptoms arc 
seldom seen in calves less than one year of age. Such animals can be inoculated 
with virulent blood, especially in the winter months when the disease is not 
so severe naturally as it is in the hot months, and made immune thereafter. 
Because of the permanent carrier situation which is created, and because of 
the multiplicity of vectors which exist, such animals are a source of danger 
to any non-immune animals with which they may come in contact at any 
time later in life. 
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ANAPLASMA CENTRAI F 


1 heller (2), in his studies which led todifTercntiation of the anaplasmsfrom 
the piroplasms, distinguished two kinds of anaplasms, the marginal bodies 



Pio. 114 AnapUsma ceniriAe Two typical 
parasites are seen as sharply staining dots m red 
blood cells near the center ot the illustration 


which have already been de- 
scribed, and which arc the only 
ones found in anaplasmosis in 
the United States, and central 
bodies which are identical in ap- 
jicarance with the marginal bod- 
ies but are located characteris- 
tiiallv in the central part of the 
red bltxid cells. They have come 
to be called under the name 
which heads this paragraph 
Thcilcr showed that animals 
which had recovered from an 
infection with blood containing 
the central bodies could still be 
infected with blood containing 
the marginal bodies. He also 


Poikilocytosis and anisocytosis are present as a re 
suit of anemia Blood, bonne x pnn 


noted that the disease caused 
by the A centralc was much 
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milder than the other. In South Africa, according to Schmidt (i), adult 
cattle coming from Europe are first injected with blood containing Anaplasma 
centrale and later with A. margmak, the first and milder infection giving 
some protection against a severe second 
Apparently the A, centrale infection produces symptoms similar to mild 
infections with A marginale 
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THE PATHOGENIC CILIATES 


Protozoa belon{;ing to the Class Cthata are exceedingly numerous in na- 
ture 1 hey occur as free-living organisms in stagnant water everywhere, and 
“cultures” can easily be obtained by placing straw, grass, or almost any kind of 
vegetable material in ordinary tap water and keeping the dilute infusions at 
room temperature for a few days. Pathogenic species belonging to this group 
arc not numerous. All of the known pathogens belong to a single genus. Bal- 
antidium These arc intestinal parasites Balantidium call occurs commonly in 
pigs and occasionally in man A smaller species, Balantidium sms is found 
in pigs, and this species appears to be specific for swine. Members of this 
genus have been reported in various types of monkeys, cattle, sheep, and 
horses. It is not known whether these arc separate species, or whether they 
are B. coli. It is quite certain that many of the monkey types are B call for 
many cross infections have been secured cx)Krimtntally (i). 

BALANTIDIUM COU 

This organism apparently occurs in swine everywhere In the greater part 
of the infections no apparent damage is done, however in animals that are 
debilitated for other reasons severe lesions result The same situation exists 
with respect to the human infections. Most of these have been seen in persons 
who have had close contact with swine, hence it is believed that human infec- 
tions arc incidental. The organism tKCurs in the intestines, particularly in the 
large intestines Occasionally it is found in the lower end of the small intes- 
tines as well. 

Morphology. Balantidium colt is a relatively large protozoon It is ovoid or 
pear-shaped and generally measures from 50 to 8u microns in length and about 
two-thirds as broad. Some individuals, however, are very much larger, meas- 
uring as much as 150 microns in length. The surface presents longitudinal 
ridges which run slightly spirally In the grooves between these ridges are 
rows of cilia which vary from 4 to 10 or la microns in length. These cilia occur 
on all parts of the body. In active individuals they arc in constant motion. 

At the anterior end of the organism there 1$ a slightly oblique depression, 
the penstome, at the liottom of which is an opening, the cytostome, which 
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leads into a tubular structure, analogous to an esophagus, which ends blindly 
in the cytoplasm of the cell. The peristome contracts into a slit-like structure 
at times and at others relaxes into a broad funnel. Large cilia surround the 
opening of the cytostomc and line a considerable part of the wall of the tube 
which extends from it into the interior of the organism At the posterior end 
of the organism a small opening in the body wall, the anal aperture, occurs. 
The nucleus is a large sausage-sha|)ed structure lying somewhat diagonally 
across the long axis of the organism Vacuoles, red blood cells, leucocytes, and 
other foreign bodies are often seen in various parts of the cytoplasm. 

Reproduction is by transverse division The nucleus divides prior to the di- 
vision of the cytoplasm, one half going into each of the new individuals. The 
cytostomc remains in the new individual constituted by the anterior half of 
the parent ceU The other daughter cell forms a new cytostomc. 

Round or oval cysts are formed protected by thick walls consisting of two 
distinct layers. These cysts usually contain but a single individual but some- 
times two individuals appear to fuse (conjugation) within the cyst wall. The 
rounded parasites may be seen within the cyst, the cilia moving slowly These 
cysts are the means by which the species is propagated They are passed to 
the ground in the feces, and by fecally contaminated food into a new host 

Pathogenicity. As has been stated above, B colt occurs in many swine which 
show no symptoms and apparently little harm is done by it Occasionally, 
however, in stunted, heavily parasitised pigs, especially young pigs, the or- 
ganism IS found in association with an ulcerative colitis and severe bloody 
diarrhea Two such cases of this type have been seen by the author, and others 
have been reported from nearly all parts of the world. Tliesc cases apparently 
are not numerous, and it is not clear whether the malnutrition is caused by the 
Balantidium or whether the parasite takes advantage of a host whose resist- 
ance has been depressed by other factors. The ulcers arc not unlike those seen 
in amebiasis of man Sections show the parasite both on the surface and deeply 
embedded in the intestinal wall around the ulcers They multiply in the tissues 
and It IS supptised that the ulcers arc formed by the rupture of abscesses formed 
in the submucosa by organisms which have forced their way into this location 
by purely mechanical means. 

Treatment. This organism is very refractory to treatment and no successful 
methods have been developed. 
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CHAPTER XXXIX 


PATHOGENIC PROTOZOA 
OF UNDETERMINED CLASSIFICATION 


Several organisms believer! to be proitizrei but wbicb do not fit in with 
established classifications are considered under this heading When sufficient 
information alviut them has been acejuired to make it possible, they will, of 
course, be placed in their proper relationship with other forms They are 
grouped here for convenience only and nut because they have features in com- 
mon 


The Toxoplasmata 

The genus 7 oxnplauna was created in 1909 by Nicolle and Manceaux (4) 
for a parasite wbieh thev found in a small mammal, the gondi, which lives 
around the borders of the Sahara desert in north Africa They gave it the 
name Toxoplasma gomlii A litiU later Splcndore (9) described what ap- 
pears to be the same organism from a Kra/ilian rabbit under the name 7 oxo- 
plasma ciiniculi Both of these parasites were readily inoculable into pigeons, 
and Splciulorc's also infected a dog The identity of these two forms is further 
suggested by the fact that spontaneous canine infections have since been re- 
ported from both Brazil and Tunis In later years parasites morphologically 
indistinguishable from 7 gonitis have liten found in a number of species of 
wild birds, mice, rats, guinea pigs, rabbits, dogs, cats, cold-blooded animals, 
sheep, and man Many of these have been confused with stages of the life 
cycle of coccidia, leishmania, and pkismodia Some have been given specific 
names according to the hosts in which they were found. In many instances 
transmission experiments were not made, the identification being made on the 
basis of morphology alone However, it has been found by transmission 
experiments that the parasite is not host specific, thus Sabin and Olitsky 
(8) have recentiv found that a strain isolated from guinea pigs and another 
from a human infection could be inoculated successfully into mice, guinea 
pigs, rabbits, chickens, and rhesus monkeys, producing fatal infections in all 
cases except in the monkeys Also, these authors were unable to find any sero- 
logical differences between the two strains. These facts suggest that many and 
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possibly all toxoplasmas, irrespective o£ host, are identical. I£ this is the case, 
they should be known under the name Toxoplasma gondu. 

Into this con£used picture the parasite known under the name Encephahto- 
zoon cumcuh must also be injected. This name was given by Levaditi, Nicolau, 
and Scboen (i), in 1933, to an organism which several had noted previously 
in the brains of rabbits suiTering from encephalitis. This organism proved to 
be inoculable into mice, and subsequently spontaneous mouse infeetions have 
been described. It seems likely that this organism is a toxoplasm. 

TOXOPLASMA GONDII 

This organism was named by Nicollc and Manceaux (4), in 1909. It was 
found by them the previous year in a small rodent at the Pasteur Institute of 
Tunis in northern Africa. It is assumed that all forms found subsequently in 
many kinds of birds and mammals, including man, belong to this genus, al- 
though proof of this IS lacking 

Morphology. As seen in fresh preparations the parasite is somewhat elon- 
gated, one or both ends being somewhat pointed. In stained films it is ovoid 
or pyriform In tissue sections it 
IS ovoid or round It vanes some- 
what in size but averages a bv 4 
microns A solid staining nucleus 
IS located centrally or toward the 
blunter end of the ovoid forms. In 
fresh preparations it is non-motile, 
and flagella have not been demon 
strated 

In tissues the organisms may be 
found singly or in compact masses 
in cyst-like structures containing 
as many as fifty individuals It is 
believed that they multiply only 
intracellularly, particularly in mo- 
nonuclear and endothelial cells, 
but also in cells of the parenchyma 
of the lungs, liver, brain, kidneys, heart muscle, and smooth muscle. They 
are found in all of these cells frequentlw lying in cyst-likc vacuoles of the 
cytoplasm Reproduction is by means of longitudinal division. The individuals 
are released when the host cell disintegrates. 

Artificial Cultivation. Sabin and Olitsky (8) succeeded in propagating an 
organism derived from guinea pigs through six generations without loss of 



Flo. 115 Toxoplasmata in a Capillary 
Wall, Lymph Node, Cat x 4;o (Cburtety of 
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Virulence. The medium used consisted of minced chick embryo suspended in 
Tyrode’s solution (Rivers-Li medium). Development was wholly within cells. 
They did not succeed in obtaining growth in cell-free media. 

Pathogenicity. Experimental animals are readily infected with most strains 
by intrapentoneal, intravenous or intracranial inoculation Subcutaneous in- 
oculation IS less likely to succeed and the disease is more chronic when initiated 
in this way. Sabin and Olitsky succeeded in infecting mice by introducing the 
inoculum by mouth and nose The course of the disease depends upon many 
factors; the dosage, route of inoculation, species of animal, and particularly, 
upon how well adapted to the species of animal the strain may be as a result of 
few or many passages in it Death usually results in from i to 3 weeks but 
may occur as early as the third day and chronic infections may result in 
death after several months, or recoveries may occur. 

After intrapentoneal iniKulation, a large amount of viscid exudate usually 
collects in the cavity and often in the pleural and pericardial cavities as well. 
Many organisms occur in these exudates both free and intracellularly After 
subcutaneous inoculation, local inflammation and necrosis occurs with or with- 
out generali7.ation Intravenous incKulation causes a generalized disease in the 
more highly susceptible species Intracranial tn)ection produces encephalitis, 
the type deiiending u^xin the species of animal used In the rabbit the brain 
usually is not affected unless the inoculum is introduced directly into it In 
the mouse, according to Sabin and Olitsky, brain lesions invariably occur no 
matter how the inoculation is made The brain lesions of mice inoculated in- 
traccrebrally are found near the ventricles and in the mid-brain, the organisms 
apparently spreading by means of the cerebrospinal fluid When the inoculum 
is introduced otherwise, the brain is infected by way of the blood stream and 
lesions are found around the blood vessels. 

The rabbit and guinea pig usually show small areas of necrosis in the liver, 
spleen, adrenals, intestines, and lungs The parasites are found in abundance 
in these areas. The parasites are also found abundantly in the same organs of 
mice but, rather oddly, gross lesions arc not usually present in mice. 

The Spontaneous Disease 

IN DOGS. The first case described in dogs was that of Mello (3) in Italy in 
igto. A dog at the Pasteur Institute of Tunis contracted the infection in 1916, 
probably from the gondi disease which was being studied there at the time. 
Another case was reported from Brazil In 1939, Machettie (2) described two 
cases seen in Baghdad In 1942 Olafson and Monlux (5) reported the first 
cases in dogs in the United States. It seems hkely that this disease is more 
common in dogs than the reported cases would indicate. 
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The affected animals present symptoms and pathological findings which 
vary considerably but there are certain things which all cases have in common. 
There is gradual emaciation with enlargement of the lymph nodes in all cases. 
The abdomen may be tender upon palpation Dyspnea is common and a 
bloody diarrhea sometimes occurs. 

The lesions consist of enlarged lymph nodes which often are acutely in- 
flamed, the surrounding tissue frequently being edcm.uous and hemorrhagic. 
Sections of these nodes usually show necrotic areas. Small nodules may occur 
in the lung tissue and this organ often is edematous Nodules and ulceration 
of the intestinal wall frequently occurs Focal necrotic areas may occur in the 
liver, spleen, and other organs The spleen may be moderately enlarged When 
extensive involvement of abdominal organs occurs, a bloody exudate may be 
found in the peritoneal cavity 

In the necrotic areas, wherever found. Toxoplasmata may readily be found 
usually in large numliers Eosinophilic infiliratiun of these areas ts usual The 
disease in dogs is usually, if not always, fatal. 

IN CATS One case of toxoplasmosis in a cal has been described This was re- 
ported by Olafson and Monlux (5) in New York. The lesions were not un- 
like those seen in dogs and there was a fatal outcome The pathogenicity of 
the organism was not proved, the diagnosis being based upon the character 
of the lesions and the demonstration of typical organisms in the lesions An 
interesting lesion seen in this animal but not in the three cantnc cases was a 
proliferation of epithelial cells in the lung This adenumaious-hke lesion has 
been reported in human cases 

IN siiEEF Only one case of toxoplasmosis in sheep has been reported, that of 
Olafson and Monlux (5) in New York. This was a case of toxoplasma en- 
cephalitis The animal showed nervous symptom' for about two weeks and 
Anally became comatose. There was marked dyspnea with some nasal dis- 
charge. It was destroyed for autopsy examination 

There were no gross lesions. Examination of the brain showed a diffuse en- 
cephalitis with slight meningitis. 1 he cervical and thoracic regions of the cord 
showed lesions more severe than those in the brain These consisted of pro- 
nounced monocytic perivascular infiltration, focal areas of cell infiltration, 
and vacuolization of the white matter. Cyst-hke structures filled with typical 
toxoplasmata were present in and around the inflamed areas. Lesions A¥ere 
present in secuons from all levels of the cord They occurred most frequently 
in the white matter about the ventral gray columns. Unfortunately other tis- 
sues of this animal were not examined microscopically and no inoculation ex- 
periments were done since toxoplasma infecuon was not suspected at the time 
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o£ the autopsy. It is known that in man the infection often is limited to the 
nervous system, and sometimes this is true also in rabbits. This case in a sheep 
apparently #as of such a type. 

IN MAN. Wolfe, Ckiwan and Paige (10) described the first human cases of 
toxoplasmosis. Their cases occurred in new-born infants and took the form 
of fatal encephalitis. The infections must have occurred tn utero although the 
mothers showed no evidence of the disease. Sabin (7), and Pinkerton and 
Henderson (6) recently have described two cases in children and one in an 
adult man All suffered from encephahtis and the diagnosis was made by find- 
ing the organism in the cerebro-spinal fluid. One of the children recovered; 
the other cases proved fatal 

Traosmisskm. The mode of transmission of toxoplasmosis is unknown Sabin 
and Ohtsky (8) found it possible to infect mice by feeding them with con- 
taminated material, and they also found cases traceable to cannibalism in half- 
starved mice At the Pasteur Institute in Tunis, the disease spread through a 
large group of rodents (the gondi) kept in captivity The present of intestinal 
ulcers in dogs suggests that the intestinal tract may he the point of entry 
Olafson (3) found that the disease spread rather quickly in a litter of puppies 
one of which had been inoculated intraperitoneally Levaditi and co-workers 
(1) found that the organism in rabbits suffering from encephalitis occurred 
in the kidneys and was eliminated in the urine. It may be said, therefore, that 
whatever the mode of transmission it is associated with intimate contact .and 
that spreading occurs readily and quickly. There is no evidence that inverte- 
brate carriers play any role in this disease. 

Immunity. Inasmuch as most cases in domestic animals are fatal there has 
been little chance to study immunity Sabin and Olitsky, working with mon- 
keys which frequently recover, were able to show that they were immune to 
reinoculation They also showed that the serum from recovered monkeys had 
the power of protecting other monkeys. The tests were done in the manner 
usually used in virus research, that is, by mixing the organismal suspensions 
with serum from recovered animals and incubating for a short time before in- 
jecting the mixture into the test animal. For test animals they used rabbits 
and mice. The test in mice involved life and death of the animal; in rabbits, 
however, they injected the mixtures intradermally and judged immunity by 
the presence or absence of the local lesions. It was possible to run a number 
of suck tests simultaneously on a single ammal. Since the parasites in the mix- 
tures with immune serum seemed not to be changed in any way, they sepa- 
rated them from the immune serum by centrifuging and found they had re- 
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tamed full virulence. In some manner, not understood, the serum inhibits in- 
fcctivity of the organism without directly damaging it, in vitro. 
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The Sarcosporidia 

The parasites included in this group make up a single genus Sarcoeystis. 
They are found in the striated muscular fibres, as intracellular parasites, of 
all of the domestic animals but are especially common in horses, cattle, sheep, 
and swine They are not common in dogs and cats. 1 hey occur frequently in 
wild herbivorous animals and in a number of species of birds. Ducks arc more 
frequently affected than other birds. A few cases in man have been reported. 
They are not often seen in young animals. 

The literature contains the names of many species of Sarcoeystis, most of 
them having been named with respect to the animals in which they were 
found It has been demonstrated, however, that these organisms are not always 
host specific, since Erdmann (2) has shown that mice may be infected by 
feeding them infected sheep muscle and Darling ( i) infected guinea pigs with 
an organism found in an opossum Furthermore there is no substantial mor- 
phological differences between the sacrosporidia of different animals except 
that in some the cysts in which they occur become larger than in others. Since 
It IS known that this is determined, in part at least, by their age, there are no 
criteria for establishing different species within the group except the host re- 
lationship It IS possible that all represent a single species This question can- 
not be answered at present. 

SARcoersns miescheriana 

Synonyms. From the discussion above it will be seen that the question of 

whether all sarcocysts belong to one or to many species cannot be answered 
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at present. If they are regarded as a single species, the name given above has 
pnonty. If it is shown that there are many species this name will be valid 
only for the parasite of the pig, to which it was applied by Kuhn in 1865. The 
specific names often used for the forms found in domestic animals are as 
follows: 


HoT^c—Sarcocystis bertramt 
Cow — S hirsuta and 5 . cruzt 
Pig — 5 mteschenana 
Sheep— -A', tenella 


Goat— S mould 

Mouse— S. murts 

Rabbit — S cuntcult and 5 leporum 

Duck— A. rtleyi 


Morphology. Sarcospondia, in whatever host they may be found, have the 
same appearance. They arc seen in striated muscles as elongated structures, the 

lung axis of which is parallel to the 
muscle fibres In some instances the struc- 
tures arc large enough to be seen with 
the naked eye, in which case they appear 
as white streaks. If great numbers are 
present the muscles may become grayish- 
white instead of the normal color. These 
bodies were first seen in muscular tissue 
by Miescher in 1S43 become 

known as Mieschcr’s tube> In most in- 
stances the number of these structures is 
so few and their size so small that they 
are not detecietl except in microscopic 
sections Sections of muscles of old 
horses, cattle, and sheep, nearly always 
show a few of these structures 
The sarcocysts develop inside of mus- 
cle fibres but as they become larger the 
fibres containing them disintegrate so the larger forms are embedded in con- 
nective tissue. All sizes may be seen from forms about 25 microns to others 
four or five centimeters in length. The elongated structure is surrounded by 
a definite capsule from which fine trabeculae or septa extend into the interior 
dividing It into chambers which are filled with the characteristic banana- 
shaped spores varying from 3 to 7 microns in length. These spores, in hema- 
toxylin stained sections, take the blue dye, staining intensely. The trabeculae 
usually are not easily seen, thus the parasite appears hke a sac filled with spores. 
In cross-sections these appear spherical, being many times as large as the nor- 
mal muscle cells; in longitudinal section, they are, of course, elongate. 



Kic ti6 Sarcocyst, Heart Muscle, 
Horse. The photograph is of a stained 
cross section The sickle-shaped spores 
arc shuts n cross ding a capsule which is 
lined wiih germinal cells x fioo 
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The spores apparently are formed from a germinal layer around the 
periphery and this layer continues to function for long periods of time. The 
very old sarcocysts not infrequently show nothing but debris and degenerated 
spores in their interiors with normal s{>ores around the (icriphery. A fully 
developed parasite often contains many thousands of spores which escape only 
when the organism ruptures There is no evidence that this happens during 
the life of the animal. 

Transmission. Theobald Smith (6) demonstrated in igoi that mice could 
be infected by feeding them spores contained in the muscles of other mice. 
Erdmann (2) infected mice by feeding infected sheep muscle It seems evident 
that meat-eating animals can acquire the infection by ingestion, but this docs 
not serve to explain the infections in herbivorous animals. The mode of in- 
fection in these animals is unknown It has been suggested that blood-sucking 
flies may be res)ionsible Several observers have found what they believed to 
be spares in blood films 

Scott (5) who studied the infection in Wyoming sheep decided that infec- 
tions occurred only during the summer months He was not successful in 
showing that the ingestion of insects, or insect excreta, had anything to do 
with the infection Approximately too per cent of the older sheep became in- 
fected on the range, but experimental sheep, kept on a dry lot, watered with 
deep-well water and fed only on dry feed, also became infected. 

Life Cycle. Erdmann (3) studied the infection m mice She found that the 
cyst walls disintegrated in the intestines releasing the sjxires which, after as- 
suming an amoeboid form, penetrated the intestinal epithelium Here the trail 
was lost. It was picked up again only after about 40 days when the developing 
sarcocysts in the muscles were found. 

Pathogenicity. There is little evidence that sarcospondia seriously injure 
their hosts, even when heavy infeaions occur Deaths of sheep have been at- 
tributed to sarcocysts but the evidence 1$ not convincing Occasionally in sheep 
and swine, which have appeared to be normal during life, there are so many 
sarcocysts in the muscular tissue as to lead to the condemnation of the carcass 
by meat inspectors principally because of the altered appearance of the meat. 
It IS true, however, that mice may be killed by large doses of infected material 
and this suggests that the same thing may possibly be true occasionally in the 
larger animals 

Pfeiffer (4), in 1890, made the discovery that extracts of the sarcospondia of 
sheep were markedly poisonous for mice, rabbits, and sheep. Small animals 
may be killed within a few hours by injecting them with aqueous or glycerin 
extracts of sarcocysts. The dosage required is small. The poisonous property 
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» a toxin to which the name sarcocysttn has been given. Teichmann and 
Braun (7) produced an antitoxin with which they succeeded in passively im- 
munizing other animals. The toxin is contained in the spores and apparently 
httle of It IS released from the encapsulated parasite in the naturally infected 
hosts. 
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The Globidia 

Closely related to the sarcosporidia, in appearance and probably zoologi- 
cally as well, IS a group of parasites which are found in the mucosa of the ali- 
mentary tract of herbivorous animals These have been given various names 
but Wenyon groups them together in a single genus, Globtdmm Some of 
these forms are found also in the skin and in the fasciae of muscles. The rela- 
tionship of these parasites to sarcosporidia and to rhinosporidium, described 
below, IS not clear. 

Globidia are common in sheep in England This form which is known as 
Globtdtutn gilrutht was found by Trifht (2) in more than nine-tenths of the 
series which he examined. Marsh and TunmclifT (i) have described it in 
Montana sheep where it was associated with severe diarrhea. 

G, gilrutht IS usually found in the wall of the abomasum but Marsh and 
Tunniclilf found it in the intestines. It appears as spherical cysts which vary 
from 200 to 500 microns in diameter. The cysts consist of a rather thick wall 
which encloses enormous numbers of spores not unlike those of sarcocysts. 
They are sickle-shaped and measure i 5 by 10 microns The cysts may be seen 
with the naked eye as minute, opalescent nodules beneath the mucosa They 
evidently are formed within cells, for often the cell nucleus can be seen along 
one border of the cyst. These forms rupture into the lumen of the bowel, and 
often cause hemorrhages. In heavy infections, symptoms may be produced but 
in most instances the numbers are so few as to cause little damage. 
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Clobtdium leucf^arti occurs in the intcstmc of the horse and resembles the 
form m the sheep except that the cysts are oval instead of spherical. 

Glabtdmm besnotu of cattle has been found in the skin and connective tissue 
of muscles. Cystic bodies containing spores are often found in small numbers 
in the intestinal mucosa of cattle but whether or not they belong to this group 
IS not known. 

Some authors regard the globhlia as fungi rather than protozoa Others 
believe that some of the forms occurring in the intestinal epithelium arc stages 
in the life cycle of coccidia Unul they have been studied in greater detail, 
their nature will not be known Practically .ill studies in the p.ist have been 
purely morphological Nothing is known about the life eytlcs and mode of 
infection 

REFERENCES 

1. MARSH AND rtlNNICLIFF Am JoUr. Vct. RcS., 1941, 2 , 174. 

2. triffit Protozoology, 1925, i, ?• 


The Rhinospondia 

Similar to the sarcosixiridia and glc^idia, the rhinospondia are found in 
large cyst-likc structures which give rise to, and arc found in, nasal polyps m 
man and horses. The human disease has been seen m Argentina and in south- 
ern Asiatic countries. A case m a horse was described by Zschokkc (2) m 
South Africa It ts believed that the organism of the horse and of 
identical The cysts become as large as 300 microns in diameter and are filled 
with small, spherical, spore-like bodies which esca|)e from a pore in the cyst 
wall. These structures have long hcen regarded as proio/oa but Ashworth ( t) 
who studied the human disease in detail arrived at the conclusion that they 

were fungi. 
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THE VIRUSES 


General Considerations 

A large and increasing number of diseases of man, animals, and plants are 
known which, although infectious, are not caused by protozoa, bacteria, or 
other fungi, or, in fact, by any agent which can be seen witb the microscope. 
The infectiousness can be demonstrated by inoculating suitable hosts with 
diseased tissues or even with cell-free filtrates of such tissues. Some of the first- 
studied agents of this type were separated from bacteria by passing the sus- 
pensions through clay (Pasteur) filters, which retained the bacteria but al- 
lowed the other agents to pass, hence they came to be called filterable viruses 
The qualifying adjective is now generally dropjied since filter-passing is no 
longer regarded as a highly important characteristic Some viruses arc so 
closely bound to the cells of the host, or are so large, that they do not readily 
pass filters, furthermore, many small bacteria will pass fillers readily and even 
the larger bacteria can be made to pass by arranging the conditions suitably 
The word virus is used to connote a senes of characters of which filter-passing 
IS only one, and not one of the more decisive characters. 

The first known virus was that of the tt^acco mosaic disease. It was demon- 
strated by the Russian, Iwanowsky (9), in 1892 In 189K Loeflfler and Frosch 
(ii), in Germany, demonstrated that foot and mouth disease of cattle was 
caused by an agent which readily passed bactcria-proof filters and could not 
be seen with the microscojie It was the first animal virus discovered. In the 
same year Sanarclli (18) proved that a highly contagious rabbit tumor (myxo- 
matosis) was caused by a virus. In the years which have elapsed since these 
early discoveries, many viruses and virus diseases have been found or differ- 
entiated. 

Little was learned of the nature of the viruses until about 1920 when 
d’Herelle (8) described the agent which became known as bacteriophage. 
This agent possesses many of the propefiies of a virus, a virus in this case 
pathogenic for bacteria. The ease with which it could be studied greatly stimu- 
lated interest in the subject and this interest extended to the other viruses. An- 
other stimulus was given in 1935 when Stanley (19) announced his success in 
extracting from tobacco plants affected with mosaic disease a highly purified 
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crystalline nucleo-protein which had the properties of the mosaic disease virus. 
The virus research field has been very productive during the last ten years, a 
highly specialired technic having been developed by a group of workers well- 
trained in modern physico<hemical concepts The word virologist occasion- 
ally IS used to designate such workers. 

THE BIOLOGIC NATURE OT VIRUSES 

Viruses are best known for what they do rather than for what they are. 
1 he only criterion for their identification is their ability to induce recogniz- 
able changes in living cells resulting in abnormalities in form and function 
which constitute disease Many have speculated upon the possibility of the 
existence of free-living agents comparable in structure and function to the 
disease-producing viruses, and several such agents have been described, but it 
IS clear that they are not comparable, since all evidence points to the fact that 
true viruses arc always highly paiasitic 

Whether viruses are living or non-living agents has been the subject of con- 
troversy almost from the beginning, it having been introduced by Betjerinck 
(4) in 1899 with his idea of a “contugtnm vtvum fhtulum,” an inanimate, fluid, 
disease-producing agent This idea was not very seriously considered by the 
majority of pathologists, however, the gcner.il belief being that viruses were 
minute lising agents, comparable to bacteria, but smaller Ijeijcrinck’s idea 
was revived, however, by btanlcv’s work, referred to .ibove Extended discus- 
sions of the present concepts of the nature of viruses can be found in the papers 
of Rivers (15), Findlay (7), Laidlaw (10) and others, to which the reader is 
referred. These may be reduced to two primary concepts, as follows (a) That 
they are infinitesimally small, living things, obligatorally parasitic and de- 
pendent upon the host cells in which they live for their nutrition and perhaps 
also for nearly all other mct.ibolic necessities except the power of reproduc- 
tion This conception would make them the most highly developed types of 
parasitic life known, (b) That they arc autocatalyiic agents, inanimate and 
incapable of autonomous increase or multiplication but able to instigate ab- 
normal metabolic activities in the host cells, one of the end products of which 
1$ more of the same material which instigated the abnormal activity. This 
material then is available, through destruction of the host cells, for repeating 
the s.ime process in other cells 

Which of these concepts is the true one cannot, of course, be proved. The 
isolation of a crystalline protein, by Stanley (19), which through repeated re- 
crystallizations retained the properties of the tobacco mosaic disease virus, 
jarred the complacency of those who had discarded the autocatalytic theory 



GENERAL CONStDERATlONS 


499 

in favor of the parasitic, for it is diiScult to believe that a living agent could be 
made to behave in this manner On the other hand it should be [lointed out 
that no animal disease virus has been isolated or purified by Stanley’s meth- 
ods, or various others which have been tried since 1935, except by differential 
centrifugation which is, of course, merely a physical means of concentrating 
or separating out from complex mixtures bodies of certain sue and specific 
gravity Rivers (15) has repeatedly pointed out that it is probable ihat all 
viruses are not of the same nature, that it is {Hissiblc that some are autocatalytic 
agents fabricated by the host cells and others, living parasitic organisms of 
minute size 

PROPERTIES OF VIRUSES 

Filterability. Since it is known ibai port si/t of silica fillers (Pasteur, Berke- 
feld) IS not the sole factor which determines whether or not particles in sus- 
pension will be passed by them, such filters base practically been discarded 
in virus research as a means of dcterminini* ilu si/c of virus elements The 
carlv experiments with such filters demonstrated, however, that viruses must 
be of particulate nature, r,ither than fluid, sinet all viruses can he filtered 
out of suspension if sufficiemlv fine fillers are used li is possible of course 
that fluid virus is completely absorbed by paiiieulate m.iitrul deiivcd from 
parasitized cells, that it always is filtered out ol susp^ns.ons when the “earner” 
elements are retained 

Beclihold ( 0 . >•' iV>7i firs' used collodion membranes as virus fillers Much 
later Elford (6) (19^1), and Hauer and Hughes (1) (am) stand irdized such 
filters (CJradpcol membranes) so they might be used to (leie*rininr the ap- 
proximate size of virus pariielts By the use of high speed centrifuges of the 
Svedborg type the sedimentation rate of many virus paiiieles have been studied 
by Bauer and Pickels (2) ami others, and by this means it has been ptissiblc 
to calculate their approximate size The .igrcemcnt between the results of the 
two methods has been very go,id It is known from experiments conducted by 
these methods that the panicle size <jf viruses vanes from some that are 
only a little larger than the molecules of some ordinary proteins to others 
that are nearly as large as the smaller bacteria The size of some animal 
viruses, in comparison with b,ictcna ant! ordinary proteins, is indicated in 
the following tabic It is customary in measuring such small objects to use 
the millimicron as the unit of size, this iinit being liotiii micron. By such a 
scale, the “elementary b<Kly” of psirtaceiMS, for example, measures about 300 
millimicrons In the table microns arc used as the unit to avoid confusion. 
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TABLE XVII 


Thi Appioximate Size op Vieus Ukits in Compakison with Othee Well-Known 
Molecules, and Bacteeia, (Measurements given in microns) 


Staphylococcus aureus , . 
Psitucosis 

Vaccinia 

PSeudo-rabies ... 
Vesicular stomatitis . 

Fowl plague . ... 

Rift Valley Fever .. . 


0 8 to 1 0 

St Louis encephalitis 

0025 

03 

laiuping ill 

0025 

015 

Foot and Mouth Disease . . 

0010 

0 12 

Poliomyelitis 

0.0/0 

0085 

Serum globulin 

00063 

0075 

Serum albumin ... . 

00056 

0 029 

Egg albumin 

0 004 


Incliuion Bodies, In many virus diseases, round or ovoid bodies may be 
found in the cytoplasm, occasionally in the nucleus, of the diseased cells These 
have long been known under the name tncluston bodies. The nature of these 
bodies has been a matter of much controversy and it cannot be said that the 
matter has been settled, however it is known that such bodies are formed only 
in virus diseases, thus they arc regarded as indicators of the presence of virus. 
Some of these bodies are so characteristic that diagnoses may be based upon 
them with little chance for error The Negri body, found in nerve cells aEFected 
with the virus of rabies, is a gtxid example Inclusion bodies have not been 
found in all virus infections. 

Some of the earlier workers looked upon inclusion bodies as the infective 
agent. Some regarded them as protozoa, others thought them to be aggrega- 
tions of minute parasites embedded in capsular material When filtration ex- 
periments demonstrated that the viruses of many of these infections obviously 
were very much smaller than the inclusion bodies, there was a tendency to 
regard the intracellular bodies as products of degeneration of the cell More 
recently, however, there has been an increasing tendency to regard them as 
“ggfCgJWs virus elements, embedded in degenerate cytoplasm or in capsular 
material. 

Borrel (5) early studied the inclusion bodies found in fowl ixix and which 
are known as BoUenger bodies These arc rather large structures found in the 
cytoplasm of diseased epithelial cells Microscopically, minute spherical cor- 
puscles were detected within the larger body and when the mass was crushed 
the smaller bodies were released. These corpuscles arc known as Borrel bodies. 
They are capable of causing pox when transferred to the skin of susceptible 
birds. In human small-pox a similar situation exists. The inclusion bodies 
(Guarniert bodies) in this disease contain smaller structures known as Pas- 
chen (13) bodies. Similar bodies are found in psittacosis infections These 
structures are believed to represent the viruses of these diseases. They arc very 
minute but are on the border of microscopic visibility. All of them are grouped 
under the name of “elementary bodies.” Suspensions of such bodies can be 
obtained by crushing tissue rich in them and separating them from debris by 
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diilercnaal centrifugation. Such suspensions are virulent. Also they may be 
agglutinated specifically by the serum of patients recently recovered from these 
diseases. 

The inclusion bodies found in different virus diseases vary in morphology, 
size, and staining properties. Some of them arc hyaline in structure, others are 
granular Generally they are acidophilic, but some are basophilic. 

Artificial Cultivation. Many animal viruses have been cultivated artificully 
but only in the presence of living susceptible cells. Cultural methods have 
demonstrated clearly that true viruses develop only intracelluhirly, and only in 
cells that arc living and carrying on metabolic activities. 

There are two general methods of cultivating viruses artificially and ba- 
sically these methods are not very different The earlier consisied of making 
suspensions of finely minced living tissue, generally embryonic tissue, in 
saline or serum-saline solutions The first success with a medium of this type 
was achieved by Parker and Nye (12) in 1Q25 who cultivated v.iccine virus in 
a medium consisting of minced rabbit testicle suspended in plasma The virus 
develops and Paschen bodies are produced in abundance but this goes on only 
so long as the epithelial tissue of the testicle retains its vitality Such cultures 
usually are grown in shallow layers in small Erlcnmcycr flasks 

The second method was introduced by Woodruff and Goodpasture (20) 
in 1931. These workers incubated fertile hen's eggs until the embryos were 
10 to 12 days old, cut openings in the shells, and miroduced virus-containing 
materials, placing them on the chorio-allantoic membrane which lies imme- 
diately beneath the inner shell membrane and thus is easily reached Most of 
the viruses which develop in epithelial cells have been cultivated in this way, 
and also a considerable number of others which do not usually develop natu- 
rally on epithelial tissues. The epithelial viruses usually do not invade the 
embryo, but produce opaque plaques on the membrane. The embryo in such 
cases may continue to develop and may actually hatch In other instances the 
embryo is invaded by the virus, with or without the development of lesions 
on the membrane, in which case embryonic death usually ensues within one 
to 3 or 4 days It is possible also to inorulate the chick embryo intravenously 
by injecting some of the large blood vessels of the chorion, or the inoculum 
can be introduced dsrectly into the yolk sac. By the use of these methods 
it IS possible to produce large amounts of some viruses very economically, 
such as, for instance, the virus of equine ’encephalomyelitis Successful vac- 
cines have been made from cultured virus 

Specificity of Vinises. Various degrees of specificity for host and for certain 
tissues are exhibited by viruses. Many viruses are strictly host-specific. Thus 
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the virus of hog cholera affects only swme, and that of rinderpest only ani- 
mals of the ruminant family. On the other hand there arc viruses, like that of 
rabies, which affect a large variety of animal species. Between these extremes 
we find most viruses which are limited to a small number of host-species. 

Definite tissue affinities are also exhibited by most viruses. One group af- 
fects principally epithelial cells, another has a definite affinity for nerve cells 
and another largely affects structures which contain cells of mesodermal origin. 
We also have pantroptc viruses which affect various types of cells. It should be 
noted that in spite of a fairly characteristic affinity for certain types of cells, 
these affinities may be altered experimentally, and spontaneous alterations 
often appear which change the pathological picture entirely Changes in viruses 
which ordinarily have little or no effect upon the nervous system into types 
which are distinctly neurotropic seem to be particularly common. 

Tmmimity in Virus Diseases. Immunity in a considerable proportion of virus 
diseases is absolute and lifelong. This is very different from immunity to 
bacterial diseases which usually is relative and not lifelong Such solid and 
lasting immunities do not (Kcur in all viruses diseases, it should be pointed out, 
■n fact some of them, such as herpes simplex infections in man seem to recur 
frequently in the same tissues which were affected but a short time previously, 
suggesting that the virus may not have wholly disappeared between the two 
periods when symptoms were evident. 

Prolonged solid immunity is difficult to explain on the basis of accepted 
ideas of the nature of immunity. When antigens come in contact with tissues 
antibodies are produced and these usually can be recognized in the body fluids. 
If the antigen is contained in a parasitic organism which multiplies and re- 
tains Its position in the tissues, antibodies continue to be formed over as 
long a period as the antigenic stimulus remains If it is a non-vuible antigen, 
antibody formation ceases as soon as the antigen is destroyed and eliminated, 
and the antibody content of the body fluids rapidly falls and ultimatelv, in 
most cases, readies practically zero The same thing happens when an animal 
recovers from an infection, unless the animal becomes a convalescent carrier. 
How then can continued virus neutrahzing power be maintained, as it is in 
many virus diseases, lung after all evidence of the disease has disappeared^ 

No definite answer can be given to this question It has been suggested, 
however, that it is possible that in these diseases all animals which have suf- 
fered from them become permanent virus carriers; not carriers in the usual 
sense of which we have examples among bacterial mfections in which the ear- 
ner host IS a source of infection for other individuals, but carriers in which the 
discase-produang agent remains permanently in the hosts cells in such a way 
as to provide constant antibody stimulation but docs not escape to cause new 
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infections. Since viruses exist mtraceliularly, it is possible that they could con- 
tinue to exist, even when there were considerable amounts of neutralizing 
antibodies present m the fluids which bathe these cells Sabin (17) has shown 
that neutralizing antibodies do not necessarily destroy virus, since he was able 
to recover vaccinia virus by ultra<cntri{ugalization of neutralized virus-scrum 
mixtures, the virus particles in this case being thrown out of the mixture, re- 
taining their full virulence after the experience Rivers, Haagen, and Mucktn- 
fuss (16) inoculated rabbit cornea with vaccine virus and then cultivated the 
corneal tissue in antivaccinal plasma, finding that corneal lesions developed 
in spite of the antibodies present. On the other hand if the virus was first 
mixed with the antibodies and then used as the culture medium for rabbit 
corneal tissue, the corneal tissue did not become infeticd. These experiments, 
and others of similar nature, indicate that the neutr.ilizing antibodies in virus 
diseases act as a barrier between the virus and the susceptible cells, but if the 
virus reaches the cells before ncutralizaiion, antiliodics in the body fluids are 
relatively useless These experimenis serve to explain long standing clinical 
experience that scrum therapy in virus infections is valuable propbylactically 
but relatively or completely useless therapeutically. In oibcr words it appears 
that immunity in virus diseases consists in neutralizing the virus before it 
reaches the host cells, if the cells have been reached and entered, the virus is 
out of reach of the neutralizing agent 

The first to use a virus for purfxiscs of practical immuntz.ition was Pas- 
teur (14) The Pasteur r.ibics vaccine was [irodiiced by passing canine virus 
repeatedly through rabbiis in senes until it had acquired a very high virulence 
for rabbits but had lost most of its original virulence for dogs and man. The 
virus in the spinal cords of rabbits was further sveakened l>y drying them over 
caustic potash. The process of immunization of man consisted of injecting 
emulsified bits of the cords with the least virulence in the lieginning and using 
more virulent material for the later doses Active but altered virus was used as 
vaccine In later years Semple of the British Army in India introduced the use 
of a so<alled “phenol-killed” labics vaccine, which apparently h.is been just 
as successful as the Pasteur, is more cheaply produced, and has licttcr keeping 
properties Since it had been generally believed that immunity in virus dis- 
eases could be induced only through the use of active, even if altered, virus, 
the Semple vaccine raised the question of whether immunity really was being 
obtained through the use of “dead" virus. There were many who argued that 
the virus in this vaccine was not wholly inactivated, and that the immunity 
was the result of altered but active virus held in the material in a masked 
form. Inasmuch as we have no criteria of “life” or activity in viruses other 
than their ability to produce lesions in susceptible hosts, it is conceivable that 
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these persons were right; that “life” or activity might remain in a virus sus- 
pension which had been so attenuated as to rob it of its disease-producing 
power. Certainly we have many such examples among the bacteria. It might 
be said here that m virus terminology the word inactivated is used for a virus 
which has lost its disease-producing power, in order to avoid the use of the 
word l(tUed which implies that viruses are endowed with life. It 1$ envious, 
from what has been said, that inactivated viruses may, or may not, be “dead.” 

Experience with a number of viruses in recent years has furnished evidence 
which IS quite convincing that it is possible to immunize animals temporarily 
with inactivated or “dead” vaccines, but that the degree of the immunity 
which results 1$ dependent upon the antigenic activity of the strain of virus 
used and upon the concentration of inactivated virus present in the vaccine. 
Successful vaccines of this type depend upon whether or not it is possible to 
obtain concentrated virus suspensions from which to make them. This subject 
will be discussed further under equine encephalomyelitis, which is an object 
lesson in this regard. 

Resistance. Viruses seem to possess about the same degree of resistance to 
heat, drying, and chemical agents as the vegetative forms of most bacteria Most 
are destroyed by temperatures around 55 to 60° C in ^o minutes or less Dry- 
ing IS fatal to many viruses; others are quite resistant to it Even those viruses 
that were thought to be most susceptible to drying can, however, survive for 
long jieriutls if the drying is carefully and completely done. This method is, in 
fact, one of the best methods of preserving a great many of the more labile 
viruses If the drying is thoroughly done and if moisture is rigorously excluded 
many viruses can be stored almost indefinitely, especially if kept in the cold. 

Viruses usually are not injured by cold, even by extremely low temperatures. 
Their resistance to chemical disinfectants is not very great, but varies from type 
to type Usually the virus elements are mixed with cellular debris and coagula- 
ble proteins and these undoubtedly serve to protect them from the effects of 
coagulating poisons For many years creolin solutions and bichloride of mer- 
cury were commonly used for disinfecting premises after outbreaks of foot and 
mouth disease. Olitskv, Trtum, and Schuening showed that such agents, be- 
ing protein coagulants, were very inefficient and recommended the use of 
alkalies which arc not materially affcaed by the presence of foreign proteins. 
Lye IS now the standard disinfectant for this purpose. Most viruses are well 
preserved by placing them in strong solutions of glycerin (50 to 100%) . Such 
solutions dehydrate tissues and prevent autolysis of cells. 

CXASSmCATION OF VIRUSES AND VIRUS DISEASES 

Knowledge of the nature of viruses is too meager to make it possible to 
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prepare workable classiiicauoiu on this basis. They can be classified on the 
basis of hosts affected into plant and animal viruses. Lcvaditi proposed that 
the animal viruses be divided into groups according to the germinal layers 
from which the affected host cells were derived and loose classifications of 
this sort arc frequently used. It has to be recognized, however, that many 
viruses arc easily modified and frequently those that ordinarily affect epi- 
thelium will suddenly become modified so they will attack ihc nervous sys- 
tem. There is no generally accepted classification of viruses 
The loose grouping of viruses used by Topley and Wilson will be used here. 
These authors divided the animal disease viruses into (our groups. 

Group A Characterized by lesions of the skin 

Group B. Characterized by lesions of the central nervous system 

Group C. Characterized by catarrhal or generalized infections. 

Group D. Characterized by tumor formation. 
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CHAPTER XLI 


VIRUS DISEASES CHARACTERIZED 
BY LESIONS OF THE SKIN 


FOOT AND MOUTH DISEASE 

This disease, also known as aphthous fever, is found throughout most of the 
world where cattle are kept except in certain areas, such as the United States 

and Canada, where drastic means 
of excluding the disease are taken. 
The disease is exceedingly conta- 
gious On a number of occasions it 
has managed to gain entrance into 
the United States but each time it 
has been stamped out by the method 
of slaughtering all affected and ex- 
posed animals 

The disease affects cloven-footed 
animals, especially cattle and swine 
Sheep are sometimes infected, and 
there have been outbreaks in deer 
and bison Human infections occa- 
sionally occur, but cases are rare and 
not very serious Carnivorous ani- 
mals are resistant, but a few cases 
have lieen reported in dogs Solipeds 
are immune 

Character of the Disease. In cattle 
the disease is characterized by the 
appearance of fever, and vesicles 
filled with a clear fluid The vesicles 
occur principally on the mucous 
membranes of the mouth, tongue, 
and lips, but are seen also on the skin 
of the muzzle, between the claws, and on the teats and udder. Affected cattle 
become lame because of the soreness of the foot lesions, and they drool from 
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Fig. 117 Foot and Mouth Disease 
Showing the characteristic droohng of sa- 
liva Affected animals do not eat because of 
the soreness ot their mouths 1 hey cltamp 
cheir laws, making a smacking sound 
(Courtesy of L M Hurt ) 
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the mouth and refuse to eat because of mouth soreness The vesicles rupture, 
leaving raw surfaces which become shallow ulcers. 

Lameness is usually the most conspicuous symptom in foot and mouth dis- 
ease in swine They may, however, develop mouth lesions and are particularly 
prone to develop large vesicles on the skin of the snout. 

The mortality from foot and mouth dise.ise is not high; generally not more 
than I to 3 per cent. Calves and young cattle are more severely affected 
than older animals. In some years more virulent forms of the disease appear 
in European countries in which case the mortality rate may be much higher 



Fig 1 18 Foot and Mouth Disease Tongue 0/ a tow shov ing evtensive denudation 
caused by rupture of vesicles in the mucosa laxisc flaps of mucous membrane indicaic 
where the epithelium has ken undermined (Courtesy of L M Hurt ) 

than usual. The greatest losses as a rule consist of the morbidity, the loss of 
flesh and of milk, rather than the loss of life Vesicles which form on the teats 
of cattle often become infected with bacteria and these frequently invade the 
udder producing acute mastitis Quite often this sequela is as serious as the 
primary disease. 

The incubation period of the naturally acquired disease is seldom more than 
4 days and frequently may not be greater than 48 hours The onset is marked 
by fever and depression. The vesicles appear in the mouth in from 12 to 
36 hours after the onset of fever. Cases without complications caused by 
pyogenic bacteria usually recover within 2 or 3 weeks. Complications are fre- 
quent, however, and recoveries may be greatly delayed 

The Inoculation Disease in Guinea Pigs. Research work on the disease has 
always been hampered by the facts that large expensive animals had to be used 
and that rather elaborate equipment was needed to prevent the disease from 
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^reading to all bovine animals in the establishment. Waldmann and Pape 
(ii), m 1921, announced their discovery that guinea pigs could be used as test 
animals and since that time this animal has proved to be very useful in re- 
search work on foot and mouth disease. Not only are these animals very sus- 
ceptible to the virus, and thus can be used to detect it in animal tissues and de- 

)ecta, and in materials which have 



Fir. iig Foot and Mouth Discaw Lc 
sions on the teat of a row Beginning as 
papules which change to vesicles, the latter 
rupture leaving raw surfaces These liecome 
infected wilh fucteria and mastitis often dc- 
dcvclops as a rcsull of extension of the infec- 
tion into the teat canal The surface lesions 
finally heal under scabs The lesions here de- 
picted are healing (Courtesy of L M Hurt ) 


been in contact with cases, but, cun- 
ously, the disease in guinea pigs is 
not naturally transmissible and thus 
the problem of keeping susceptible 
animals on the premises where the 
experimental work is being done 
was immediately solved. 

Very young and very old guinea 
pigs arc not satisfactory for work 
with this virus H.ilf grown animals, 
weighing about 350 grams are best. 
Inoculation is done by introducing 
the virus intradcrmally into the foot 
[tads either with a fine hypodermic 
needle or by scarification A primary 
vesicle usually appears at the point 
of inoculation within 24 hours, oc- 
casionally longer At the time the 
primary vesicle appears, virus can be 
demonstrated in the blood Within 
18 to 36 hours, later, secondary vesi- 
cles appear in the mouth, and virus 
disappears from the blood Oim- 


plete repair of the lesions requires 
several weeks Only an occasional animal dies of the disease There is 
no evidence that the virus multiplies elsewhere than at the site of the 
lesions. It IS not known why the disease in this animal is not naturally 
transmissible 

Rabbits may also be inoculated with foot and mouth disease virus, especially 
with virus which has become adapted to guinea pigs In this species too, the 
transmission may be accomplished by intradermal inoculation or scarification. 


Transmission. The disease is transmitted by the direct or indirect transfer 
of the virus, usually that which is in the saliva as a result of admixture with 
vesicle fluid and with fragments of epithelium from the vesicle walls. The dis- 
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case spreads rapidly in affected herds and pracucally every animal on the 
preinises belonging to a susceptible s(tecies will contract the disease before the 
outbreak, is over. Knowing this, it has long been the practice in countries where 
the disease is common for farmers to deliberately spread the disease by swab- 
bing the mouths of unaffected cattle with a cloth which has been soaked in 
saliva of the affected in order that all animals will pass through the disease 
simultaneously A somewhat more certain method, often employed by veteri- 
narians, is to lightly scarify the mucous membrane of one of the lips with a 
sharp instrument which has been dipped in vesicle fluid obt.iincd by aspiration 
with a hypodermic syringe. 

Stockman and Minett (5) studied the survival of virus in carcasses of ani- 
mals slaughtered while suffering from the disease This is an important matter 
m countries where the disease does not exist, for many outbreaks of the dis- 
ease have been traced to garbage containing meat trimmings. It was found 
that in muscular tissue the acidity which develops shortly after death usually 
destroys the virus within a few days even under refrigeration Virus was 
found in the marrow of the long bones, even when the meat was stored in 
brine, for more than 40 days and occasionally much longer The tissue of font 
vesicles also retained virus for long periods 

Long experience has made it clear that within a short time after an outbreak 
has subsided, or after all infected animals have been removed, susceptible ani- 
mals brought on the premises do not usually contract foot and mouth disease 
This practice is not recommended, however, Jackson (1) states that it is the 
practice in Great Britain to allow animals to be brought back on f.irms on 
which foot and mouth disease has existed six weeks after thorough disinfec- 
tion, or eight weeks after the slaughter of the last diseased animal, whichever 
period IS the shorter Only half of the stock is permitted at first. If, after three 
weeks, no cases have developed, the remainder of the animals arc brought in 
and all restrictions arc removed He states that m the 20 years between 1909 
and 1928, 5,659 premises had been infected with fixit and mouth disease in 
England, and of this number the disease reappeared on 57 premises after dis- 
infection. 

The virus of foot and mouth disease ordinarily is not resistant but when 
carefully dried it may retain virulence for many monlhs and even years. With- 
out question new outbreaks occur now and then from animals which have 
become infected with such dried virus. In the United States, for example, none 
of the outbreaks which have occurred have been traced to live animals; alt have 
originated in virus imported in or on contaminated objects In one case it was 
thought to have been on straw in which flower bulbs had been packed, in an- 
other It was shown to have been a contaminant of vaccine virus [Mohler and 
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Rosenau (2)], in others it is believed to have been in garbage containing meat 
scraps brought in from foreign ports by ships. 

The question of whether virus may be carried by recovered animals has 
been a subject of considerable debate. It seems quite clear that such animals 
seldom carry the virus for long after symptoms have disappeared. The matter 
IS reviewed by Schoening (4) who was unable to find virus in 20 recovered 
animals. 

Transmission of foot and mouth disease by insects, birds, migratory ani- 
mals, and human beings has often been suspected but not often proved 

Propertkf of the Virus. The virus of foot and mouth disease is known to be 
of small particle size, probably less than 10 millimicrons in diameter It oc- 
curs in the vesicles of the disease and, transitorilv during the febrile period, in 
the blood During the period of blood infection, it also appears in the urine 
and feces. It develops only in epithelial cells, prtxlucing a spreading necrosis of 
these cells with separation of the cornified layers, thus pioducing the vesicles. 
Several have reported the presence of bodies in alTccicd cells but these are be- 
lieved not to be specific, that is, they arc not inclusion Ixxlies The virus is read- 
ily destroyed by heat but cold has a preservative effect Alternate freezing and 
thawing docs not seem to have a deleterious effect upon the virus Resistance 
to drying is variable As a rule drying.is quickly destructive to it, but if the 
drying is quickly and thoroughly done, and if the dried material is kept in a 
thoroughly dry atmosphere, virus may be kept for long periods of time Virus 
enclosed in epithelial fragments is very much more resistant than that in 
vesicle fluid. Schoening (4) found that virus dried on hay and on soil particles 
might remain viable for about a month, and Trautwein (6) found infective 
epithelial fragments after they had been exposed to winter weather for more 
than two months Glycerol has a preservative effect upon the virus It is also 
resistant to alcohol, ether, and chloroform Otagulaiing disinfectants arc not 
especially effective probably because the virus generally is protected by al- 
buminous material. Olitsky, Traum, and Schoening (j) found bichloride of 
mercury and cresol solutions relatively ineffective but alkalies destroyed it 
quickly. Formalin also is effective. 

Artificial Cultivation. Although there have been many attempts to cultivate 
the virus of foot and mouth disease most of them have been wholly unsuccess- 
ful. It seems likely that the virus has been cultivated on a limited scale in tissue 
cultures containing epithelial cells, but no practical use has so far been made 
of such cultures. 

Immunity. Cattle which have recovered from foot and mouth disease gen- 
erally have enough immunity to protect them from the same type of virus for 
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a year or more, but the resistance is not bfe long. Natural immunity in cattle 
and swine is negligible although some individuals have greater resistance 
than others. 

PLURALiry OF viKusEs. The French workers, VallM and Carr^ (7) m 1933 
reported that they had discovered the existence of two types of foot and mouth 
disease virus They were distinguished by the fact that while each immunized 
animals against itself the two viruses would not immunize against each other. 
Both produced typical disease and these could not be distinguished clinically 
with certainty One of these types was designated Type A, the A standing for 
Allemand (French word for Germany), the other was called Tyfte O (for 
Oise). Waldmann and Trautwein (12) in 1926 announced their finding of 
three types of virus in Germany, their designations for them lieiiig A, B and 
C. These findings have lieen amply confirmed. The German A and B corre- 
spond to the French O and A, respectively To avoid confusion a has been 
generally agreed to retain the French designations, and thus we now have 
three types of viruses, designated as A, O and C. A number of workers have 
reported viruses which do not immediately conform to any of these three tir 
have characters placing them midway lietwcen the accepted types. Generally, 
after a few generations of pass.ige through experimental animals, these con- 
form to one of the three rccognired types. 

Cattle, swine, and guinea pigs can be infected with all three of these viruses 
in quick succession since one does not protect against the others This ex- 
plains numerous observations of foot and mouth diseai>c striking twice in the 
same herd in a single seastm 

Differentiation of types can be accomplished with the aid of susceptible 
animals, guinea pigs usually being employed. By having s'oeks of animals im- 
mune to each of the three types of virus, the type of the unknown virus is 
indicated by the group which proves 10 have protection against it 

PASSIVE IMMUNIZATION' Susccpciblc animal species can be protected .'■gainst 
the ravages of the disease by the use of convalescent or hyper-immune scrum. 
The protection is short-lived— only about two weeks—but this is often suf- 
ficient to protect herds which are in neighborhoods m which the disease has 
appeared. The German government for many years has produced a hyper- 
immune scrum by injecting cattle with the three types of virus, and bleeding 
them out when the litre of serum is highest. The scrum is unconcentrated. 
Other countries have used the serum of animals that have recently recovered 
from the disease, and claim that it gives results as good as those obuined with 
the hyper-immune scrum. Such sera are, of course, monovalent and can be ex- 
pected to protect only against the type from which the donor animals suffered. 
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Active Immunization. Waldmann (9) recommends a method of active im- 
munization which IS said to give good results. The method consists of giving 
a dose of hyper-immune serum and exposing the animals to the virus simul- 
taneously. This method should be used only when the disease is in the im- 
mediate neighborhood and it is considered quite certain that the herd will 
become infected if not immunized. 

Vallec, Carre and Rinjard (8) in France, and Stockman and Minett (5) in 
England have reported successful results in active immunization with formol- 
ized vaccines These methods, however, have not proved wholly successful 
in other hands Waldmann and Kobe (10) reported very successful results 
with a formalin treated virus which had been concentrated by absorption on 
an aluminum gel. They claimed to have successfully vaccinated 150,000 cattle. 









tic lan Foot and Mouth Disease Eradication In the United States this disease has 
lieen eradicated on a number of occasions by the drastic method of immediate slaughter of 
all infecinl and es[xised cattle Rigid quarantine methods arc used in the infected areas 
The illustration shows ihe disinfection of a truck coming from the quarantined area 
(Courtesy of L M Hurt ) 


The immunity, it 1$ said, is evident m four or five days and it lasts for at least 
five months 


Methods of ControL Two general methods of control are used: 
a Local quarantine with or without the use of serum or vaccines. 

These methods are generally used in European countries, particularly by 
the continental countries where national border-lines are close together, where 
the disease practically always exists in one area or another, and where, as a 
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consequence of these conditions, it has been found impossible or uneconomi- 
cal to use the more drastic method of slaughter of all infected and exposed ani- 
mals. Even in these countries, the slaughter method is sometimes used in the 
beginning of outbreaks with the hope of curbing the disease before it becomes 
widespread. Generally speaking, the philosophy in these countries is that they 
must resign themselves to living with the disease. 

b. The drastic slaughter method. 

This method has been used in countries which are sufficiently isolated to 
make the method of control economically feasible. This is the method which 



Fig 121 Foot and Mouth Disease Eradication in the United .States Outbreaks of this 
disease m this country are stamped out by the drastic method of slaughter and burial on 
the premises of all infected and all exposed animals C,reai trenches arc dug, the cattle 
are driven into them, slaughtered there, and covered with a deep layer of soil Before 
the soil is returned to the trench, the hides of the carcasses are slashed and they are 
covered with a layer of quick lime The photograph shows llit burial of a herd of in. 
fected cattle (Courtesy of L M Hurt ) 

has always been used in the United States, trequcnily in the Briiish Isles, and 
occasionally elsewhere. As soon as the disease is diagnosed in a herd, the cn- 
tire premises, all animals, and people, are placed under rigid quarantine and 
as rapidly as possible all susceptible animals arc slaughtered and buried on 
the premises After thorough cleaning and disinfection, the quarantine is 
lifted but susceptible animals are barred for sufficient time to insure that no 
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active virus remains. All herds m the neighborhood are carefully and fre- 
quently inspected for signs of the disease The area quarantine is not lifted 
until 6u or 90 days after all evidence of the disease has disappeared, and during 
this period all animal traffic in the area ceases and human travel is reduced 
to a minimum. Milk is released only for immediate pasteurization which de- 
stroys any virus which might he present. 
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VESICULAR STOMATITIS 

This diw.nse is primarily one of horses and mules hut catlle are someiimes 
naturally alTecied Lxpcrimentallv, sheep and swine can be infected but the 
spontaneous disease had not lieen niioried in these species until 11143 when 
an outbreak in swine CKcurred in Kansas Cats In cattle and sw'ine the dis- 
ease resembles fixit and mouth disease so closcK that a differential diagnosis 
cannot be made on the basis of clinical findings only In the horse there 
IS no difficulty on this score because horses arc nut susceptible to foot and 
mouth disease 

Vesicular stomatitis is said to have occurred in South .\frica during the lat- 
ter part of the i9ih century but little was known alxiut the disease until it ap- 
peared in the mid-western part of the United States during World War I. It 
apyiarcntly was shipped in horses from the United States and Canada with 
the American expeditionary forces to the Euro|ican battlefields where it oc- 
casioned considerable trouble. The disease was described in the United States 
by Mohler (3) in 1918 The virus was identified by Cotton (i) in 1926 £x- 
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perimemal infectioas of cattle and swine were reported by Ohtsky, Traum, 
and Schocning (4) in 1926 

The disease resembles ftxit and mouth disease in a great many ways. The 
mouth lesions cannot be distinguished from those of fcxit and mouth disease. 
Lesions around the feet and on the udders of cattle arc not so frequent as in 
foot and mouth disease hut thev do occur, and of course such lesions may be 
absent in the Litter disease as well Vesicular stomatitis is not so highly con- 
tagious as foot and mouth disease, thus outbreaks mav be limited to one or a 
few farms, and they may disappear S|iontancou5ly. As in fiKit and mouth dis- 
ease the virus escapes principally in the saliva which is infected with fluid and 
fragments from the ruptured vesicles Infection of other animals occurs from 
direct contact and through watering troughs and mangers Animals which 
have had mouth vesicles for siv days usually are no longer capable of infecting 
others 

Guinea pigs can be infected with this virus in the same way as with foot and 
mouth disease virus, and the lesions and course of the disease are identical. 

Properties of the Virus. The virus particles of vesicular stomatitis arc con- 
siderably larger than those of foot and mouth disease, licing of the order tif 
70 to too millimicrons (2). Toward phvsical and chemical agents this virus 
behaves in about the same way as the virus of fool and mouth disease 
According to Cotton ft), a plurality of viruses occurs in this disease He 
found that a virus obtained from New Jersey was not iminunologically iden- 
tic.al with another from Indi.ma. 

of Control. Vesicular stomatitis has been brought under control 
in many areas by strict quarantine of infected premises and a ban on shipment 
of animals for a period of at least thirty days after all evidence of the disease 
has disappeared. This method has ofieratetl satisfactorily, a clear indication that 
the disease is not nearly so contagious as foot and mouth disease. 

Immunit y. Horscs and cattle that have recovered from vesicular stomatitis 
are solidly immune thereafter for at least one year and perhaps much longer. 
Guinea pigs can be passively immunized with scrum from recovered animals 
and presumably this applies also to the other animals. Olitsky, Traum, and 
Schoening (4) have shown that no cross-immunity exists lictween the virus of 
this disease and that of the O and A viruses of fcxit and mouth diseases. 
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VESICULAR EXANTHEMA 

This IS a disease primarily of swine, which resembles foot and mouth dis- 
ease so closely as to make it impossible to differentiate it with certainty. By 
inoculation it usually is possible to infect borses, but the disease does not occur 
naturally in horses, so far as is known, and it does not infect cattle 
The disease has been seen only in California. A disease appeared there m 
garbage fed swine in 1932 which was believed to be foot and mouth disease 



Fio ui VcsiLular Cxanthcma Shuuring ruptured vesicles on the tongue, snout and 
lips These lesions cannot be distinguished from those of foot and mouth disease (Cour- 
tesy of 1. .M Hurt ) 


and was successfully handled as such. It recurred in 1933, at which time it 
was shown by Iraiim (i), that the disease was not foot and mouth disease 
but another entity for which the name vesicular exanthema was proposed. The 
disease iKcurrcd again in 19^ and in each succeeding vear up to 1944 except 
in 1959 Almost without exception it occurs only in garbage-fed hogs. 

In this disease, as in foot and mouth disease, vesicles of varying size occur 
on the snout, lips, tongue, and gums, or on the feet between the claws, or 
around the coronary band. Udder and teat lesions are seen in many nursing 
sows. These lesions are preceded by fever, as in the other two diseases men- 
tioned above, but the animab are not usually so severely ill. Usually tn 
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vesicular exanthema the pigs continue to eat, and various degrees of lameness 
appear. The disease does not spread so extensively as foot and mouth disease 
and sometimes only a part of the pigs m the same pen become affected. In 
general the disease is much milder than most outbreaks of fool and mouth dis- 
ease. It is not of great importance except for its confusion with the more seri- 
ous foot and mouth disease. 

Traum was able to show that this disease is caused by a virus which is im- 
munologically different from those of foot and mouth disease and vesicular 
stomatitis Certain differences in infeciiviiy for animals were also found. After 
It had been established that the disease was nut foot and mouth disease the 
slaughter method of control was abandoned and simple quarantine measures 
were substituted These proved to be satisfactory. 
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DIFFERENTIATION OF THF VIRUSES OF FOOT AND MOUTH DISFaiSE, VESICULAR 
STOMATmS, AND VESICULAR EXANTHEMA 

In countries where the slaughter method of eradicating fixit and mouth dis- 
ease IS followed, It IS of paramount importance to establish a [lositive diagnosis 
at the earliest possible date When the natural disease is iti cattle, the question 
to be decided is whether the disease is foot and mouth disease or vesicular 
stomatitis, when it is in swine, it is whether the disease is foot and mouth dis- 
ease or vesicular exanthema Vesicular stomatitis will infect swine by inocula- 
tion but no natural outbreaks have been reported To differentiate these dis- 
eases Traum (1) suggests the following procedures 

I Inoculate at least two cattle. One should be iii|ecied with fresh vesicular 
fluid intravenously or intramuscularly, the other should be injected into 
the mucosa of the tongue, lips, or dental pad, or it may be rubbed into 
scarified areas 

If the virus is that of foot and mouth disease, both animals should de- 
velop the disease 

If It IS vesicular stomatitis the animal injected intravenously or intramus- 
cularly will fail to develop the disease; the other should do so 
If It IS vesicular exanthema both animals will fail to develop the disease. 

2. Inoculation of swine is useless since the animals usually will develop dis- 
ease when injected as above if any of the three viruses are present. 

3. Inoculation of horses is very helpful in differentiating between foot and 
mouth disease and vesicular stomatitis The horse is susceptible to the virus 
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of vesicular stomatitis but is entirely resistant to that of foot and mouth 
disease. The virus of vesicular exanthema is mildly pathogenic for horses. 
Some animals develop small vesicles near the point of inoculation, others 
do not. Horses should be injected into the mucous membrane of the dorsum 
of the tongue, or it may be introiluccd through scarification at this site. 

Guinea pigs .ire helpful in difTcrentiating between the virus of vesicular 
exanthema and the other two viruses, since the former does not cause in- 
fections when iiiiroducid through the foot pad, whereas foot and mouth 
disease and vesicular stomatitis quite regularly infects, as described 

REFERENCE 

1 iRAtM Jour Am Vet. Med Assoc , 19^6, SS, 

COITAL EXANlUfMA 

Synonyms Coital Vesicular hxanthema. Genital Horse Pox 

This disease occurs in both horses and cattle It is characterized by the ap- 
pcaranct of vesicK s. which htconic pustules, on the mucous membranes of the 
genual tract and on the skin bordering on these membranes The disease ap- 
pears during (he breeding season and is transmitted by cupulalitm Animals 
occasionall) arc mleele'd by means ol infected sponges, curry combs, and other 
infected oh)eeis Keisinger and Kcitnann (i) reported the recognition of a 
filtrrablc siriis in this dise.isc in 192S 1 he naturally occurring disease docs not 
ordinarily p.iss from horses to cattle, or vicc-versa, hut Zwick and Gmindcr 
(2), in 191 rcixirted sueeess in iransmilting the disease from cattle to horses, 
sheep, and goals 1 htse authors .ilso hchesed that coital exanthema had some 
relation io the verv eomnion granular venereal disease of cattle They claim 
to have preHlucccI lesions of the kilter with the virus of coital exanthema, but 
were not successful in pruelueing the exjiuheina with sceretieins of animals 
aflcetcd with the granular venereal ehwase 

Character of the Disease. In female animals the disease is manifested by the 
jpfic.irance ol a purulent vaginitis The vulva liecomes swollen and red- 
dened, a discharge appears, and the affected parts itch The animal stands with 
.111 .irehrd b.iek, ,ind iirinaics frecjucnilv Many vesicles from 1 to ^ mm in 
diameter appear on the mucous membranes and on the skin of the vulva 
These change to flat, yellowish pustules, then to su|ierficial ulcers which 
finally heal. The skin lesions eisualK leave small unpigmented spots In male 
animals similar changes appear on the penis and prepuce The disease usually 
runs a course eif scsfcral weeks. 
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Inununity* According to Zwick and Gmindcr the disease does not convey 
any appreciable immunity since recently recovered animals often develop the 
disease a second time. 
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CONTAGIOUS ECTHYMA OF SHEEP 

Synonyms Sore mouth, Contagious postular dermatitis. 

Of the domestic animals this disease afTetis only sheep and goats Mild in- 
fections of man h.-ivc been reported It is a aimmon disease during the spring 
and summer months in the sheep-raising areas of the western slates of the 
United States, and occurs sporadi- 
cally m the eastern states It has also 
been reported from many other 
sheep-raismg countries It probably 
IS world-wide 

Losses from faialilics arc not great 
as a rule, and then only when the 
disease is complicated by other fac- 
tors In the southwcsiern part of the 
United States enormous losses occur, 
according to Boughlon and Hardv 
(i), as a result of invasion of the 
tissues through iht lesions of sore 
mouth by harvac of the flcsli-fly or 
screw-worm {Cochhomyia amen 
cana) In the more northerly states 
where the screw-worm does not 
exist, losses are usually due to sec- 
ondary invasion of the lesions with 
the necrosis bacillus (Actwomyces 
necrophorus), according to Marsh 
and Tunnicliff (2). 

It IS usually the lambs and kids which arc affected with the disease, ihe older 
animals having passed through the disease early in life and acquired an immun- 
ity to It. When it occurs without complications the disease runs a rather benign 
course but the animals are unable to eat for considerable periods and stunting 
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of growth occurs in the period when normal growth should be greatest. 
Permanent damage results from the experience. 

The disease 1$ characterized by the formation of papules and vesicles on 
the skin of the lips. These are transformed into pustules and Anally heavy 
scabs are formed. The infected lambs or kids with their thickened, stiA, sensi- 
tive lips can neither suckle nor graze and rapid emaciation occurs. Healing oc- 
curs spontaneously in about one month, the scabs falling off on the ground 
leaving the bps smooth and without scars. 

The dried scabs contain a virus which is remarkably resistant to drying. 
Such material kept thoroughly dry in the refrigerator will retain virulence 
for many months. In the soil it survives the winter very readily and it is in this 
way that the new crop of lambs of the following year arc infected The disease 
recurs annually in infected pastures for indcAnite periods 
Animals which recover from the disease arc immune thereafter for ficriods 
up to 18 months and perhaps longer, and this is long enough to carry most 
range sheep through their period of useful life 
The virus is Alterable through Kerkefeld V candles So far as is known there 
IS but a single type of virus immunologically beddon and McGrath (3), who 
tested English and Australian strains, found them to be identical 
Boughton and Hardy demonstrated that susceptible animals could be ef- 
fectively immunt/ed to this disc.ise, and their method of protection is widely 
employed where stirc mouth is prevalent The vaccine is made from dried 
scabs which arc thoroughly ground and suspended in per cent glycerin 
solution in the proportion of one furt of scab to 100 pans of solution 1 he vac- 
cine IS used in about the way thcit smallpox vaccine is used on man The 
point of vaccination is the skin of the inside of the flank. One or two super- 
Acial scratches are made, a drop of virus-suspension is placed on the area and 
rubbed in with a small stiff brush. “Takes" appear as vesicles which become 
pustules and then become covered with a scab An area as large as a dime or a 
quarter is su/Acicnt to give a strong immunity Some of the lambs will nibble 
at the developing lesions and thus convey the infection to ihcir lips but this 
occurs in not more than to per cent of the vaccinated animals and the disease 
in such animals is nearly always very mild. 
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The Animal Poxes 

Diseases characterized by the formation of pustules on the skin, with or 
without general manifestations of illness, occur in all the domesticated ani- 
mals, and in man In man the disease is known as variola or smallpox. By in- 
oculation man may be locally infected with cowpox and this trivial infection 
results in a solid immunity to smallpox. This discovery, made by Jenner, in 
England, in 17^ is the basis of our method of vaccination for smallpox. The 
discovery, moreover, indicated a close relationship between the human and 
the cow disease It is believed by some that all of the |x>x diseases originally 
came from a common stock, the basis for the belief being the similarity in the 
type of lesions produced, the fiict that many of these viruses can be adapted to 
new hosts, and the fact that a certain degree of cross-immunizaiion occurs be- 
tween members of the group. Cowpox and fowipox arc widespread diseases. 
The others arc more localized. The pox diseases of man, sheep, and fowl arc 
severe and destructive The others are rather tnvi.il when not complicated 
with other diseases 

That the jxixes are caused by filterable viruses has long been known. The 
pox viruses are among the larger ones, the particulate size being of the order 
of 150 millimicrons or larger. In all the pox diseases, epithelial tissue is pri- 
marily involved .ind the parasitized cells conuin characteristic tnchision bodies 
which, in turn, contain the smaller “elementary bodies” which represent the 
virus Itself, or at least contain virus 


FOWLPOX 

Synonyms Chicken Pox, Sore head. Contagious epithelioma, 

Fowipox attacks chickens, principallv. Occasionally outbreaks in turkeys 
are seen, and there are reports of its having occurred in other species. Pigeons 
have a type of pox which differs somewhat in pathogenicity from that found 
in chickens, but the pigeon pox virus partially immunizes to chicken pox, in- 
dicating a close relationship. Virus which Urunett (3) isolated from a turkey 
proved to be identical in every respect to that of chickens, but one isolated by 
Brandiy and Dunlap (2) was not typical Pheasants sometimes suffer from 
pox, and the virus usually is considered to be identical with that of fowipox 
but Dobson (4) found one in a serious Outbreak on a pheasant farm which 
seemed much more closely related to pigeon pox than to fowipox It seems 
likely that all bird poxes are caused by a single type of virus which becomes 
modified according to the hosts in which it occurs That this modification 
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becomes considerable, however, is indicated by the fact that pigeon pox virus 
does not naturally pass from pigeons to chickens, and that fowlpox virus is 
transmitted to pigeons by inoculation only with great difficulty. 

Pox in chickens is manifested by characteristic lesions on the head. They 
appear on the comb, wattles, around the corners of the mouth, around the 
nostrils and the eyes In some cases the lesions spread into the mouth and 
even into the tr.ichca causing whitish lesions which ulcerate forming what is 
commonly called “cankers ” This form of pox was considered to be a separate 

disease and was known under the 
name of avian diphtheria for many 
years. In such infections the infra- 
orbital sinus IS frec)uently involved, 
becomes greatly distended, and thus 
distorts the facial features The con- 
tent IS a yellowish or brownish case 
ous mass 

The skin lesions consist first of 
small pustules which soon dry and 
become transformed into warty epi- 
thelial crusts which may become 
quite thick The affected birds be- 
come very ill, refuse to cat, become 
cmaci.iicd, stop laying, and many of 
them dte. '1 he lesions .ire conlitud to the fcatherless part of the head, as a 
rule, but ucc.isionally po\ lesions art found around the vent, and even on 
the feet 11 the micction rem.uus «in the skin and does not involve the mucous 
membranes of the head, the effect on the bird is much less severe and re- 
coveries more common In fasoiabic cases the course of the disease is three or 
four weeks; in the presence of complications it may be much longer 

Properties of the Virus Fowl(iox was proved to be caused by a virus in 
1902 bv the CJerman workers. Marx and Sticker (9) Previously various bac- 
terial agents, fungi, and even protozoa had been regarded as having a part in 
the disease It is doubtless true that some of these agents do have a part in 
the etiology of the lesions, particularly of the lesions on the mucous mem- 
branes 

The affected epithelial cells of the cornified layer of the skin are greatly 
enlarged and vacuolated Conspicuous in them are the inclusion bodies which 
Bollenger had seen as early in 1873 and mistaken for protozoa These often 
arc larger than the nuclei of the cells m which they occur. Contained in these 
bodies are the elementary bodies first seen by, and named for, Borrel These 
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bodies were studied by Woodruff and Goodpasture (ii) who found that they 
were resistant to tryptic digestion and could, therefore, be obtained free of 
tissue debris by digesting the Litter with artificial pancreatic juice. The free 
Borrel bodies are about o 25 microns 111 diameter, they stain readily with 
Giemsa s and fuchsin stains, and have the appearance of minute cocci. Sus- 
pensions of the washed Ilorrcl bodies readily produce pox when inoculated 
into chickens When the bodies arc centrifuged out of suspension, the su- 
pernatent fluid is innocuous This proves that the Bfirrel htnlies contain 



Tic ns Fowlpox Swollen c|)ilhclial icIK in an early lisioii sliowinu dn- Bollcngcr 
txidics The inclusion IkkIics irt spherical and proniiiiciit in the siainnl sccluiii In sev- 
eral of ihe cells ihe nuclei may lie seen crowded againsl tin tell wall x ss*' 


the virus They arc now lixjked ujxin quite gt ncrally as hung the vii us. Fil- 
tration exjicnmtnis prove the virus to be of about the si/e of the Borrel bodies, 
an indication that these bodies are not merely aggregations of still smaller 
virus elements 

The virus of fowljiox is very resistant to diying In the dried crusts removed 
from epithelial lesions, the virulence remains iinimp.iircd for many months 
providing the drying has been well done In soil, subtcci to usual conditions, 
the viability of the virus is not longer than several weeks as a rule The disease 
tends to recur, year after year, on the same premises It is not known how the 
virus IS presers'ed in the intervening periods The virus is readily destroyed 
by alkalies and by most disinfectants It is preserved for long periods by 50 
per cent glycerol 

Tnuismisskm. Fowipox is believed to be transmitted principally by direct 
inoculation from bird to bird through fighting wounds, and by the birds pick- 
ing one another The disease itwv also be spread by the bites of mosquitoes 
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(KJjgler, Muckenfuss and Rivers (8)), (Matheson, Brunett and Brody (lo)), 
and possibly by other arthropods. Arthropod transmission is certainly not as 
important as direct contact in the spread of this disease through flocks, but it 

■ IS likely that it may be the way by 

which the infection is spread from 
one flock to another Doyle and 
Minett (5) placed susceptible birds 
in cages which had just been oc- 
cupied by infected birds Trans- 
mission did not occur except when 
the skin or mucous membranes of 
the susceptible birds had been scari- 
fied. Infection seems to depend, 
therefore, upon breaks in the con- 
tinuity of the skin. 

Artificial Cultivation. Goodpas- 


Fic lati The Barrel) or “Elementary” 
Bodies of Fowlpox These minute spherical 
bodies were obtained free of tissue debris by 
tryptic digestion of the Bollenger Ixxlies con 
tamed in virus infrrieil cells i he liodies are 


ture, Woodruff and Buddingh (6) 
cultivated the virus of fowlpox on 
the chorio-allantoic membrane of 
the developing chick embryo in 


here stained after admixture with a strepto- 
coccus to indicate comparative size (Courtesy 
of E W Gooilpasture and The Ameruaa [our 
not of Pathology ) 


1931 Urandly (i) and others have 
confirmed these findings, and such 
cultures are now being used for 
vaccine production. 


Immunity. Birds which have recovered from fowlpox are solidly immune 
thereafter In flacks in which the disease has occurred for some years, it is 
only in the young birds that the disease is seen In previously uninfected flocks, 
birds of all ages develop the disease. 

Practical immunization of poultry flocks is carried out in all regions where 
pox IS prevalent. Two methods are in use. One consists in the use of virulent 
fowlpox virus; the other, of pigeon pox virus Both methods give satisfactory 
results. 

The fowlpox vacane is made from the dried epithelial growth which ap- 
pears on the combs of cockerels after scarification and inoculation with viru- 
lent material, or from the growths obtained on the chorio-allantoic membrane 
of developing chick embryos following inoculation with bactena-free virus 
The epithelial tissues are well dried in a desiccator and then ground to a fine 
powder. If this powder is kept thoroughly dry the virus will keep for months. 
At the time of use, the powder is placed in sterile water in the proportion of 
t gm. of powder to too cc. of water. 
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The pigeon pox vaccine is prepared by plucking feathers from the breast 
of a susceptible pigeon and rubbing pigeon pox virus into the denuded area. 
When the inflammation has subsided and the area is covered with trusts, these 
are removed, or the bird is destroyed and the entire piece of infected skin re- 
moved and dried. This material is made into a coarse powder by grinding and 
used as described above 

There arc two accepted ways of applying the vaccines, the “feather follicle" 
method and the stick method The method used deiicnds upon the prefer- 
ence of the operator. 

In the follicle method of vaccinating six or eight feathers are plucked prefer- 
ably from the outside of the leg about the middle of the iibial region The 
virus suspension is then applied to the exjTosed follicles with 4 small, stiff 
brush The “stick” methtKl, suggested by Johnson (7), is performed with a 
small, sharp-pointed scalpel which is wrapficd with adhesive tape leaving only 
about one-cighth inch of the tip exposed This instrument is iisctl to make sev- 
cral pricks in the skin, the blade having liccn dipficd in the vaccine suspension 
just prior to use Some operators have made use of the under surface of one 
of the wings in vaccinating in this way, others use an area on the outside of the 
leg The latter is preferable because the bird is less likely to contaminate its 
he.td from surface virus in this case With cither method a "take" is mani- 
fested by swelling of the feather follicles, the apjicarancc of cheesy material 
and finally scabs which generally fall off leaving .1 fully healed lesion within 
3 or 4 weeks 

When pigeon pox virus is used ihe constituiional ciTtci upon the birds is 
practically nil, and for this reason this material is recommended when the 
birds are not in first class physical condition for any reason, and when the 
birds are in full production Its only disadvantage is that the immunity con- 
ferred is not as complete and as lasting as that conferred by the fowljiox 
virus In field use it nevertheless apjicars to give excellent satisfaction. 

Fowlpox vaccine gives satisfactory results when used properly and at the 
right lime. The birds should be in good physical condition and about two 
months before coming into production. The resulting immunity is solid and 
lifelong The birds usually suffer a physical reaction from it. They go off feed 
and, when in production, stop laying for a considerable time It should be kept 
in mind that fowlpox vaccine is fully virulent material It should not be spilled, 

It should be kept away from the head regipn of the birds as they arc handled, 
and utensils, empty bottles, and other contaminated objeas should be de- 
stroyed or sterilized immediately after they are used. 
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nCFONPOX 

Pigeoii|N)\ frct|iiei)tlv causes tonsidcniblL trouble in squah-raising plants. 
The squabs may become intecied while still in the nest but more often the 
disease appears in svcll tlcvclopcd birds (inkers aic found in the mouth, and 
the corners ot the mouth .ire covered with crusts The eveliiU may also be- 
come afftclcd and the birds mas be blinded 1 he legs and toes may be in- 
volved 'I'hc death rate m.iv be lm>h Pigeons may be proitcied against the dis- 
ease by vaccination with pigeon [lox v.iccine. using it in the same way it is 
used on chickens 

COWPOX 

Synonym Vaccinia 

Cow|Kix IS a rather common disease in dairy cattle in the United States In 
Eurofse It appears that the disease was once much more common than at 
present, the explanation offered being that when smallpox was prevalent it 
very frecjuenily was iransniilted to cattle b\ milkers suffering from the disease. 
Freciucnt obsers ations indicate that this was of rather common occurrence 
I Reece (5)] There arc indications too that horscyxix was not uncommonly 
transmitted on the hantls eif milkers to cattle 1 he oliscrvations of Jenner on 
the transmission of coss pox 10 man and the immunipation given thereby arc 
well known .Mihough smallpox, eciwixix, and horsepox are regarded as dis- 
tinct diseases it is clear from early experiences uiih these diseases that the 
viruses are closclv related and tlui nut infrequently they stray from iheir 
usual hosts to others w'here they produce diseases which often cannot be dis- 
tinguished from those produced by the native viruses 
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Transmission of pox virus from one species to another probably does not 
frequently occur today but 11 occasionally happens. Boerncr (2) has described 
a situation in which a herd of cattle became infected with vaccine virus from 
two small boys who helped in milking during a period in which they were 
undergoing a vaccine reaction The bovs apparently contaminated their hands 
by scratching the vaccination site, and then transmitted the disease to the teats 
of the cattle that they milked Not only did many of the cattle become infected 
but nearly every unvaccinated person on the f.irm developed vaccinia lesions 
on their faces, arms, hands, and other parts of their bodies Christen has de- 
scribed a similar occurrence, and others have reporteil outbreaks of cowpox 
lesions on the teats and udder of cattle occurring after vaccin.itinn of milkers 
against smallpox It is evident that recently vaccinated (xtrsons should nut be 
permitted to milk cattle 

There is some evidence to suggest that ihcre may be more than one disease 
of cattle diagnosed as cowpox This tpiestiun has hcen disciissetl recently by 
Hester, Holey anil Graham (^) It will lx further discussed below under the 
consideration of the so called “milkers iukIiiIis" 

Cowpox as seen today is a coinp.irativtly mild disc.isc, the animals showing 
little or no evidence of a gener.il naciion It is manifested by the appearance 
of small papules on the skin of the 
teats and of the udder, these Ixing 
reddish and tender The papules 
change to vesicles and then to pus- 
tules which have a yellowish color 
and frequently a small pit in the 
center There may lie only one 
lesion on a teat, or there may be 
many which may Ix-come con- 
fluent After about ten days, if un- 
disturbeil, the lesions drv and arc 
covered with scabs which finally 
fall off leaving a smooth surface 
In milking animals, the early vesi- 
cles are broken by friction, leaving 
denuded, raw, inflamed areas which heal very slowly Bacterial infections 
usually occur and these may extend through the teat canal to the glandular 
structure, resulting in mastitis. 

Properties of the Virus. The virus occurs in epithelial ceils in the lesions. 
These cells are greatly swollen and vacuolated They contain inclusion bodies 
which are morphologically idenucal with the Guarnien bodies of smallpox. 



Fig 127 Cow Pox Showing welt ad- 
vanced lesions on the teals and udder. 
(Courtes) of Roixrt Graham ) 
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Great numbers of elementary bodies (Paschen bodies) occur in these inclu- 
sions. The Paschen bodies are believed to constitute the actual virus of the 
disease. They are spherical in form and average between 130 and 200 millimi- 
crons in diameter 

Artificial Cultivation. The virus of vaccinia has been cultivated in a num- 
ber of different types of tissue culture. Battcria-free virus usually is easily ob- 
tained by inoculating rabbits intratesticularly Several passages usually are 
necessary to nd the material from the concomitant bacteria. Vaccinia virus can 
be cultivated readily on the chorio-allantoic membrane of developing chick 
embryos. 

Transmisskin. Reference to the infection of cattle from persons suffering 
from vaccine reactions already has been made. There are also numerous re- 
ports of similar infections from persons suffering from mild cases of smallpox 
One surmises from early reports that this mode of infection of cattle formerly 
was quite common The disease is transmitted from cow to cow on the hands 
of milkers without doubt, but where the virus exists between outbreaks, and 
how It reaches new herds is not known. 

The virus of vaccinia and also that of variola (smallpox) can readilv be 
propagated on the cornea of the rabbit’s eye Paschen (4) believes that the 
cornea test (Paul's lest) is a reliable indicator of the presence of vaccine or 
variola virus. This test is done by placing a suspension of the suspected ma- 
terial on the cornea of the eye of a rabbit, introducing it very carefully in order 
to avoid mechanical irritation After 36 to 48 hours the animal is destroyed, 
the eye enucleated and placed for a few minutes in a sublimate-alcohol mixture. 
Pox lesions are indicated bv grossly apparent opalescent, circular lesions which 
are nut apparent before the chemical treatment 

Immunity. After having recosered from an attack cattle arc immune there- 
after for a lonsidcrahle time and probably for life. Second attacks have been 
reported but these may have been due to the pox-likc disease which occurs in 
cattle. Ex}ierimentally, solid immunity is conveyed by one exposure. This sug- 
gests the vaccination of cattle in herds in which the cowpox is causing trouble. 
Hester, Bolev, and Graham earned out some vaccinations in such a herd using 
commercial vaccine virus and introducing it into slight scarifications on the 
tail folds This teas followed by cessation of the disease but the authors were 
not convinced that the naturallv-occurnng disease was true pox, or that the 
vaccination had any connection with the disappearance of the disease 

Hiunaa Infections. The presence of pox-hke lesions on the hands of milkers 
led Jenner to believe that the bovine diKase was transmissible to man and 
that the mild human form protected the victims from smallpox. There can be 
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no doubt that cowpox can be transmitted to man in this way. Prom “milker’s 
nodules” Schultz, Seifried, and Schaaf (6) succeeded in producing pox-like 
lesions on the skin of a calf, and from this calf the disease was transmitted to 
sheep, goats, rabbits, and guinea pigs. Typical corneal lesions were produced 
in the eyes of rabbits and Guarmeri bodies were demonstrated in the corneal 
lesions. These animals were refractory to a second inoculation of the milker’s 
nodule virus and also to vaccine 
virus. The proof is adec^uate that 
the virus recovered from the human 
hand lesion was that of vaccinia 
On the other hand, other German 
workers, and Becker (i) in the 
United States were unable to prove 
the relationship of the virus of 
milker's nodules to that of vac- 
cinia Also, Hester, Boley, and 
Graham (3) failed to show that a 
disease clinically diagnosed as cow- 
pox was associated with vaccine 
virus. These workers were unable 
to obtain corneal reactions in rab- 
bits and naturally infected animals 
and persons were not immunized 
to vaccine virus German workers 
for the must part regard milker’s 
nodules as a virus disease contracted from bovine teat and udder lesions 
which simulate cowpox but which are due to a vaccine-likc virus which 
they call paravacama Another explanation is that the paravaccinia virus 
is a highly attenuated but true vaccine virus 
Milker's nodules appear io abrasions on the hands and fingers of milkers 
in from 5 to 7 days after contact with the diseased cow. There may be only 
one but as many as 40 simultaneously developing lesions have been de- 
scribed. They begin as erythematous papules which gradually enlarge into 
firm, bluish-red nodules from i to 2 centimeters in diameter. Usually they 
are painless. The nodules are surrounded by inflammatory areolas. A tle- 
pression commonly appears in the center of the lesion. Beneath the epithelial 
covering reddish granulation tissue is found. Occasionally the regional lymph 
nodes become enlarged and a few cases have been reported in which gen- 
eralized infccuons have occurred. Healing occurs in from four to six weeks, 
The granulation tissue is slowly absorbed and usually no scar remains. 



Flo 128 Milker's nwhilcs (Cnuriesy of F T. 
Becker, lour Am MeJ Assoc ) 
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HORSEFOX 

Synonyms. Contagious pustular dermatitis, “Gre.isc", “ 5 k)re heels” 

The caus.ative agent of horsepox app.irently is the same as that of vaccinia 
of cattle. Virus removed from the horse lesions will infect cattle, and that of 
cattle will infect horses The cow and horse diseases reciprocally immunize 
ag.unst each other, and Ivith will transmit to persons who have not been vac- 
cinated, and not to those who have been 
The disease in horses takes two forms. The less important is an infection 
of the p.is(ern region of horses, apparently spread by the hands of horseshoers 
and hostlers This condition is known as grease nr grease-heel It is mani- 
fested by the appearance of a papular eruption on the flexor surface of the 
joints in the lower part of the leg The papules change to vesicles, then to 
pustules which finallv drv up. forming crusts The legs become somewhat 
painful but there is no general reaction as a rule 
The other form is manifested b) the ap|>carancc of multiple lesions on the 
inside of the lips and the opposing siirhues of the gums, on the frenum of 
the tongue, and the inside of the checks 1 hese begin as papules, change to 
vesicles, .and then pustules The anim<il may have some fever, and young 
animals may become very sick and occasionally even die Ftxid is refused, 
saliva drools from the corners of the mouth, and the animal likes to dip his 
mouth in water. Beginning w’lth a few lesions, new crops occur and finally 
nearly all of the mucous membrane of the mouth will be involved In some 
cases the lesions are found also in the nasal passages 
Recovery from the disease leaves a substantial immunity Since lesions on 
the skin arc less severe than those on the mucosa of the mouth, some Euro- 
pean authors have suggested vacciruition of horses on the skin, claiming good 
results therefrom. 

Horsepox has not been reported from the United States and it seems to be 
much less common in Europe than it was a half century ago. 
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SWINEPOX 

This disease has been reported in Europe, Japan, and the United States. 
It IS very common in many tif the swine-Mising areas of the mid-western 
states of this country It has been studied by McNutt, Murray, and Purwin 
(i), by Schwarte and Biester (^), and by Shoiie (4) in tlie United St.ues. 
For detailed descriptions of this disease the reader is referred to these papers. 
As It occurs in this country it is geiicnlly thoiighi that the disease is not very 
important, however, there arc some veterinarians whti believe that the im- 
portance of the disease is being undrrestimatid It a/Tects principally the 
young growing animals, suckling pigs being cspcci.illy jfTecicd McNutt and 
associates report ih.it the lesions are usually f(>und on the lower part of the 
abdomen and inside the thighs and arms, but in the outbreak described by 
Schwarte and Biester the lesions were loe.ued on the backs and sides I..esions 
are not located on the head nor on the lower parts of the legs, as a rule. 

The lesions, as described by the low a workers, consist of red papules 
which appear 4 or 5 days after virus is placed on the sc.irilicd skin A slight 
fever and mild general reaction occurs at this time The lesions rapidly de- 
velop into raised, hard elevations which may be from t to ] cm in diame- 
ter Hard crusts form on these areas, these drop off in a few d.ivs and the 
whole process is completed tn tl to 14 days V’t steles and pustules do not 
ordinarily appear in field cases but Schwarte and Biester found typical le- 
sions which passed through the papule, vesicle, .inci pustule stages on the 
abdomen of artificially inoeiilaied pigs 

Properties of the Viruses. Two different diseases are known at present under 
the name of swinepox One of them is caused by a virus which is closely 
related to that of vaccinia, the other to an imrelaicd virus Manmnger, 
Cosontos, and Salyi (2) who have seen both diseases in Europe, projKise to 
designate as swinepox the one which is caused bv the vaccinia-Iike virus and 
to call the other a pox-likc disease of swine Schwarte and Biester who have 
dealt with the pox-like disease of Manmnger prefer to call the disease swine- 
pox So far as is known, all cases of swinepox occurring in the United 
States are caused by a virus which is unrelated to the pox viruses of other 
animals. 

Japanese workers, and also Manmnger and cu-workers, have dealt with the 
swinepox caused by the vaccinia-like virus. The virus of this disease can be 
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readily transmitted to rabbits, and pigs can be immunized to the naturally 
occurring disease with cuwpox vacane. The pox-like disease of Manninger 
could not be transmitted to rabbits and was immunologically different from 
cowpox. Schwarte and Biester, working with this disease, found that it could 
be readily transmitted to swine but attempts to transmit it to the horse, calf, 
sheep, dug, cat, rabbit, fowls, rats, mice, and man, failed All of these ani- 
mals, subjected a little later to vaccine virus, gave good reactions. This ex- 
periment included two pigs which had recovered from the pox-hke disease 
and had been shown to be solidly immune to it. 

Transmission. Swinepox does not ordinarily pass from one animal to an- 
other directly. The transmitting agent usually is the hog louse, Hematoptnus 
suit. Since this parasite is found on the lower parts of the animal, on the 
belly, and in the arm-pits and on the inside of the thighs, this explains why 
pox lesions usually are found in these locations. In a large herd studied by 
Schwarte and Bicstcr, the pigs were free of lice and the lesions were found 
largely on the b.nck and sides This suggested that flies or other insects might 
be the transmitting agents, and this idea is supported by the fact that the 
disease disappeared as soon as cold weather eliminated them 

Immunity. Pigs which h.ive recovered from the disease appear to be solidly 
immune for life Practical immunization is not practiced, the disease not be- 
ing important enough for that The elimination of lice probably would do a 
great deal to control the disease. 
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SHEEPPOX 

Of all the animal poxes, sheqipox is the most damaging Fortunately this 
disease docs not exist in the Western Hemisphere. In past times it has done 
great damage in Europe but at present has been controlled or eliminated 
from the greater part of that area. It continues to exist in Southern and East- 
ern Europe and in North Africa. 

A generalized pox eruption occurs on the skin and similar lesions often 
occur on the mucous membrane of the pharynx and trachea, sometimes even 
in the abomasum. Hemorrhagic inflammation of the respiratory passages and 
of the digestive tract occurs. Caseous nodules and areas of catarrhal pneu- 
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monia occur m the lungs The mortality varies from about 5 per cent to 
higher than 50 per cent. 

Vaccination to protect against this disease is commonly practiced m areas 
where it is enzootic. Fully virulent lymph, collected from skin vesicles, is in- 
jected intradermally into the skin of the under surface of the tail, or virus 
may be rubbed into a small scarified area Generalization of the disease may 
occur as a result of vaccination but as a rule only a localized, rither mild 
disease results, and this gives complete protectiiin ihcreafier. The use of viru- 
lent material for vaccination should not be permitted except in areas where 
the disease actually exists and the flock actually endangered, because vacci- 
nated flocks are a source of danger to unvacemated neighboring flcKks. Some 
of the countries of western Eurojic were compelled to enact laws which for- 
bade vaccination except by special permit which was issued only wlien the 
disease had been definiicly diagnosed in the flock 
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VIRUS DISEASES CHARACTERIZED BY 
LESIONS OF THE CENTRAL NERVOUS 
SYSTEM 


In this group only those viruses which always affect the nervous system 
arc placed It should be liorni in mind that many viruses, which are de- 
scribed in other jjroups because their effect is generally seen in other tissues, 
frcc]ucnily exhibit ncurotropic tendencies 'I he nerve tissues are often at- 
tacked, for example, hv the virus of canine distemper causing an encephalitis 
which IS recogni7cd as the “nervous form” of distemper The virus of hog 
cholera sometimes shows ncurotropic projicrtics and the common herpes 
simplex of man, the cause of “fever blisters” or “cold sores" on lips, may 
cause encephalitis 

RABIES 

Synonyms: Hydrophobia, Lyssa 

The virus of rabies will prexluec disease by inoculation in all mammals and 
many if not all hirels In the more highly jxipiilatcd parts of the earth it is 
seen principally in dogs, occasionally in cats It occurs in wolves, foxes, 
skunks, and other wild carnivora It also occurs uecasionally in man The 
fear of the disease held by people is out of all proportion to its actual im- 
portance, but IS instilled by the dreadful svmptoms which precede death. 
Rabies is almost invariably fatal in whatever species it occurs 

Nature of the Disease. Rabies is a specific encephalitis caused by a virus 
which has a strong affinity for nerve tissue and apparently develops only in 
nerve cells Tlie disease is contracted only bv the entrance of the specific 
virus into the tissues through a wound, generally one made by the bite of a 
rabid animal. Cuming in contact with nerve endings in a wound the virus is 
transported along the nerve sheaths until it reaches the spinal cord and brain. 
Virus IS found in the blood stream only rarely and not for long pericxls. In 
the central nerve organs a characteristic form of encephalitis is produced with 
disturbances of consciousness leading finally to motor paralysis and death. 
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The symptoms of rabies are similar irrespective of the type of animal af- 
fected. After prodromal symptoms consisting of vague changes in the animal's 
temperament, symptoms which may not be noticed, a period of excitation 
usually occurs In this stage, dogs, cats, and other carnivorous animals mav be- 
come frenzied, utter strange cries or howls, and become ferocious. While in 
this stage they frequently travel considerable distances, biting other animals 
or people. If restrained they will often chew metal chains or cage bars, break- 
ing their teeth in their frenzy They will often swallow stones, pieces of wood, 
or eat their own feces After a few hours the excitement gives way to the 
paralytic jieriod which lasts not more than a day or two before death occurs 

Rabies in horses is frequcnilv first manifested hy itching at the site of the in- 
fecting wound The victim rubs and bites the parts often tearing the flesh The 
animal is alert, his ears being erect and moving backwards and forwards as if 
trying to listen to sounds from all directions He often tries to break his halter 
rope and attacks the manger with his teeth ss'ith such force as to break his teeth 
or even his lower jaw He refuses food but often swallows wood, straw, and 
manure Genital excitement is common The first signs of paralysis arc in the 
throat The animal tries but is unable to swallow water Paialysis of the legs 
soon follow 

The symptoms in cattle are similar to the above. Cattle mav bawl, paw the 
earth, and charge attendants if not held in restraint In the cattle of Trinidad 
which are infected with rabies through lutes of the vampire bat, the disease 
never shows the stage of excitement, the symptoms being salivalion, marked 
constipation, weakness of the hind quarters, staggering gait, paralysis, and 
death (15). 

The period of excitement is known as the "furious stage”; the period of 
paralysis, the “dumb stage” In some cases the jx.riod of excitement 1$ short, 
mild, or absent, and the first symptoms noticed are those of the paralytic 
stage A considerable [lart of all cases arc of “dumb rabies,” Owners of dogs 
frequently expose themselves to great hazard of infection by trying to extract 
with their bare hand the “bone in the throat" which they believe is causing the 
symptoms. 

Period of Incubation. The incubation perirxl in natural infcciirans with 
rabies is relatively long and very variable li is seldom shorter than 3 weeks 
and longer than 6 weeks. In occasional animals it may be as long as 3 
months, and authentic records indicate that periods of ^ and even 5 months 
occur, but these instances are rare Some reports of incubation periods ex- 
tending for as long as a year should be received with skepticism 

Bites which occur on the head and neck arc apt to have a shorter period 
of incubation than those which occur on the extremities, presumably because 
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of greater proximity to the brain. Also such bites are more apt to result in 
rabies than those which occur in areas where nerves are less abundant. 

Transmission. It has been known for centuries that rabies was transmitted 
by the bites of rabid animals. Early workers showed that the disease could 
be produced experimentally by the inoculation of saliva collected from rabid 
animals. It was Pasteur (18) who first recognized that the true seat of the 
disease was in the brain and that the causative agent existed in a pure state 
there. The manner by which the virus reaches the saliva from the nervous 
system is not certainly known but is believed to be through the nervous 
mechanism of the salivary glands and possibly also through the nerve endings 
in the tongue At any rate it is known that saliva usually becomes infective by 
the time the first symptoms occur, and sometimes for a day or two earlier, 
and that it remains infective until after death 

The disease is transmitted almost wholly by carnivorous animals, especially 
dogs, because these animals naturally attack others by means of their bite 
Horses and cattle affected with rabies may become dangerous but they sel- 
dom transmit the disease because they attack bv other means The same thing 
may be said of rabid human beings There is no authentic record of rabies 
having been transmuted from man to man The s.iliva of man and of all rabid 
animals contains the v irus hut unless this enters the tissues of another, either 
through a bite-wound or a wound of some other origin, the disease will not 
be (ransmiUccI It should be pointed out that cases of human rabies occasion- 
ally rcsuli from runiaminaiion of scratches and other wounds with saliva of 
rabid animals. 

In sparsely settled parts of the country various wild animals often become 
imjtonant means of transmission of the disease In parts of South Africa 
the mongoose (aa) is the mam transmitting agent Rabid skunks have given 
considerable trouble in parts of the United States. Also ground squirrels, or- 
dinary squirrels, foxes, wild cats, coyotes, and wolves (i.^) sometimes become 
involved In Trinidad and parts of South .\mcrica, rabies is transmitted to 
antm.ils and occasionally to man through the bite of the small blood-sucking 
mammal, the sampirc bat (15) Since this animal is afield during the hours 
of darkness, rabies m these regions occurs principally in livestock which is 
exposed to Its bite while on pasture at night. Animals which are kept in build- 
ings during darkness arc seldom affected 

Bite-wounds made by animals suffering from rabies do not always cause 
the disease. As a matter of fact it is estimated that before the prophylactic 
treatment for the disease was deveIo(ied, not more than one fourth of the per- 
sons thus exposed developed the disease Bites in the face and neck region are 
most dangerous, particularly if there t$ considerable laceration of tissue Bites 
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through clothing or thick hair coats arc less dangerous than those in regions 
where the skin is exposed. Experimentally, it can be easily shown that intro- 
duction of virus by intracerebral inoculation is certain to produce rabies if the 
animal is susceptible and the virus 1$ virulent. Virus introduced into the cham- 
ber of the eye is about as certain as introdui.tion into the brain. Intramuscular 
inoculation is much less certain, probably not producing the disuisc in dogs 
in more than one half of the cases Sulicutancous inoculation is even less cer- 
tain Another factor which has an important hearing on the incidence of 
rabies in animals bitten by dogs is the fact that virus is not constantly [>res< nt 
in the saliva of these animals. 

Properties of the Virus. The cause of rabies was long a mystery. It finally 
was shown to be a virus by Reralinger (iq) in 190^1 ^vho ilcmonstrated that 
diluted brain material remained infectious after being passed through rather 
coarse Berkefeld filters The virus will not pass the poreciain or Pasteur filters, 
thus indicating a rather large particle si/x Ihc virus prohahiy consists of 
spherical elementary bodies which can he disecriicil inside ihc charaeieristtc 
inclusion bodies of tlic disease which were first described, and have been 
named for, the Italian pathologist, Negri 
The virus of rabies is not particularly rcsist.mi to (hsinfeciatus and drying. 
Most of lilt common disinfectants arc cfleciive against the virus contained in 
saliva, and dried saliva loses virulence within a few hours. Virus contained in 
nerve substance is protected .snd consequently more resisiani to .ill influences. 
Brain substance kepi in the refrigerator ami proicticd fioin drying will retain 
virulence for months PuircfactKin destroys the virus r.iihcr slowly. Bus of 
nerve tissue will retain their virulence for months when kept in 50 per cent 
glycerol 

Artificial Cultivation. The virus of rabies can be culiivaied in tissue cultures 
containing viable nerve cells Noguchi (17) m 191^ believed that he had suc- 
ceeded in cultivating the virus but his results were not confirmed and it is now 
quite evident that he merely preserved the original virus in his cultures. It is 
clear, however, that Webster and Clow (26) obtained multiplication of rabies 
virus in a medium consisting of embryonic mouse or chicken brain suspended 
in Tyrode's solution Kligler and Bernkopf (11), and Dawson (1) showed 
that the virus could be propagated in chick embryos The virus is placed 
upon the chorio-allantoic membrane. No lesions develop on this membrane 
but invasion of the embryo regularly occurs, the virus being present in large 
amount in the embryonic brain. Dawson reports that many Negri bodies arc 
seen in such brains. The embryos continued to live and some of them hatched, 
according to Kligler and Bernkopf Ataxia and other symptoms were seen 
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*oon after hatching but these symptoms disappeared and afterwards virus was 
not demonstrable in them. 

Diagnosis. The symptoms of rabies are so characteristic in most instances 
that a diagnosis may be made from the clinical symptoms. This is not always 
true, however, especially in animals that are not commonly affected by the 
disease. In several insianccs, diseases that have been diagnosed as encephalms, 
both in man and animals, have turned out eventually to be rabies The nature 
of the disease, when the clinical diagnosis is not clear, can be confirmed only 
by laboratory examinations. The most important of these are. 

I. BY TiiF i\(x.ui.sTioN oi LABoRSTORS AMMSLs This IS the oldcst mcthod of 
di.ignosis, .nntedating the work of Pasteur For many years the rabbit was the 
animal of choice and it is still satisfactory fur most diagnostic work The 
guinea pig may be used as a substitute, but in recent years white mice of the 
Swiss type have been used by preference The Swiss mouse apparently is 
more susceptible to the virus of rabies than larger animals and thus is pre- 
ferred when testing vaccines or when searching for low concentrations of 
virus Also, such mite arc cheaply produced and easily cared for 
The test animals are inoculated intracerebrallv In rabbits and guinea pigs 
a small holt must bi drilled in the skull to admit a hypodermic needle which 
IS thrust into one of the cerebral hemispheres In voung mice the skull bones 
are sufficiently soft so a sharp needle may be thrust through the bones with- 
out making a preparatory opening Leach (i^) suggesis that a 27 gauge needle 
inch long be used and that this be forced directly into the brain at right 
angles with the external surface at a ixnnt a little off the median line .iiid 
about half way between the eves and the ears 1 he mouse should be etherized 
before the inicction is made The material for tn)eciion is prepared by grind- 
ing a part of the Ammon's horn in a sterile mortar, suspending it m sterile 
broth in a proportion of one part of brain to nine of broth, and then cen- 
trifuging the mixture .it 2,uuo rcvuluiiuns per minute fur five minutes The 
opalescent supernatent fluid is used tor inoculation For the mouse the stand- 
ard dose IS 0 0^ cc iniccicd with a 025 cc. tuberculin syringe For guinea pigs 
and rabbits as much as o i cc or even larger amounts may be given, but the 
larger doses are not neecssarv or desirable 
Paralysis of the hind legs of inoculated mice occurs in from 8 to 10 days, 
and death one or two days after the onset of paralysis Convulsions may occur 
|ust before the paralysis becomes evident. Guinea pigs and rabbits generally 
require a few days longer to show symptoms, and occasionally the incubation 
period IS much longer. Paralysis, especially of the hind quarters, is usually 
seen Occasionally these animals pass through a period of convulsions before 
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paralysis occurs Negri bodies can be found in the brains of animals inocu 
lated with street virus by the time symptoms are evident Leach states that 
they may be found in while mice sometimes .is early as the fifth day after 
inoculation. 

If It has been demonstrated satisfactorily that an encephalitis-producing 
virus IS concerned in a particular disease but it is not clear for any reason 
whether or not the virus is that of rabies the specific identification can be 
made by conducting a virus-neutrahaation tcsi Using an anti scrum for rabies 
virus, tests may be conducted on Swiss mice to dctcrmin'' whether the ques- 
tionable virus IS, or is not neutralized by 11 m eitio Inasmuch as there is no 
plurality of viruses in this disease, so far .is has been ilemonsl rated, neutrali- 
zation with a known anti-rabics serum indicates that the unknown virus is 
that of rabies 

2. BY THE riNuiNc OF NFCRi BODIES In 190} Ncgri (id) described the inclu- 
sion bixly of rabies which now bears his name The identification ol Negri 
bodies makes it possible to diag- 
nose rabies very quickly and 
with certainty If they are not 
found It IS not perrflissible, how- 
ever, to assume that the disease 
was not r.ihics, since a certain 
number of cases of rabies do not 
exhibit recogni7.tblc Negri bod- 
ies Webster (aij) quotes others 
to the clTecr that .iboiit 10 per 
cent of cases of rabies in Ala- 
bama and Getirgia are negative 
for Negri bodies but positive to 
animal inoculation tests This 
experience is quite different 
from that of a senes of woikers 
in the diagnostic laboratories of 
the New York Sute Veterinary 
Cxillege where dogs' heads have 
been examined for forty years 
During this period it always has 
been the practice to inoculate 
animals with all brains that fail to show Negri bodies and only in a very few 
cases have these animal inoculations been positive. Re-examination of the orig- 
inal material has in practically all of these cases shown Negri bodies which 
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previously had been overlooked. On the basis of this experience it is our custom 
to render a preliminary negative diagnosis when the brain is received in good 
condition and satisfactory smear preparations have been obtained, with a final 
diagnosis when the animal tests have been completed. 

Negri bodies occur in the cytoplasm of nerve cells m all parts of the brain 
and spinal cord They arc numerous in the hippocampal convolution or Am- 
mon’s horn of the cerebrum and 
this IS the part that is subjected to 
examination. Smears, impression 
preparations, or sections may be 
made Near the periphery of the 
convolution large triangular motor 
nerve cells are found forming an 
almost continuous line It is in these 
cells that the Negri bodies are found 
Similar cells are found also in the 
cerebellum at the juncture be- 
tween the while and gray matter 
and these cells u^ally contain Negri 
bodies 

Negri bodies usually take aci- 
dophilic stains They appear as 
round or oval bodies which vary in 
S17C from forms less than i micron 
to large ones more than 10 microns in diameter. Frequently there are sev- 
eral of various si7cs and shapes in a single cell '1 he smaller bodies usually 
have a hyaline a|ipcar.iiicc but the larger often show a number of minute, 
poorly staining, “inside” bodies Whether these are of the same nature as 
the elementary hothes of the jton diseases is not known They have not been 
freed from the larger inclusion bodies as have the clcmciuary bodies of vac- 
cinia and fowlpox 

Immunity. Since recoveries from naturally acquired r.-ibics are so rare, little 
IS known about the resulting immumtv. Exjicriencc with vaccines makes it 
quite certain, however, that such individuals possess a high degree of im- 
munity for a vear or more. No biological or other form of treatment has been 
discovered which is useful in treating cases of rabies in which symptoms have 
been exhibited Taking advantage of the fact that the period of incubation in 
human rabies is rather long, Pasteur devised a vaccine which can be given 
after the patient has been exposed to the disease and before symptoms have 
appeared. This vaceme and its modifications have reduced the human mor- 
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tality from this disease to a small fraction of what it used to be. The vaccine 
can also be used to immunize animals, in fact Pasteur proved that the vaccine 
would immunize dogs before he attempted to use it on man. The Pasteur vac- 
cine has never been extensively used on animals principally because of its 
expense, but some of the newer vaccines have been so employed. 

Vaccines for Rabies. Rabies vaccines are never used on man except on per- 
sons who are definitely known to have been exposed and who are presumed 
to be in the incubation pcruxl of the disc.isc Vaccines can be used on animals 
under the same circumstances but such use, on dogs, c.its, and other animals 
which frequently tr.insmit rabies, should be discouraged Vaccines do not 
always succeed, the incubation period of the disease is variable and relatively 
long, .ind frequently too much is at stake to make it advisable to take the 
chance that the animal m.iy develop the disease m spue of ireatmctlt and per- 
haps be the cause of another outbreak If vaccines arc used on very valuable 
dogs or cats which are known to have been exposed to r.ibies, the animals 
should be held in strict cjuar.intine, confined securely, and observed for a (>e- 
nod of not less than six months litforc being allowed to return to normal life. 
Rabies vaccines arc most often used on anim.ils, particularly dogs, which 
are living in areas where rabies is presalcnt, as a means of lessening their sus- 
ceptibility to the disease Such use is purely prophvlaclic 
All v.iccincs for rabies arc related to the original one of Pasteur in that they 
arc all made from Pasteur's virut fixe, 01 fixed virus This will be described in 
the comments which follow on the Pasteur vaccine A number of newer 
vaccines for use on man and animals have been developed, the multiplicity 
of them indicating in itself that the ideal v.-iccine has nut yet been found. 
Ihcse vaccines fall into two general classes 

a Those th.it contain active virus The most important of these arc the Pasteur, 
the Hogyes, and the Harris vaccines 

b Those that contain virus which has been inactivated with chemicals, such 
as phenol, chloroform, formalin, or ether, or with ultra-violet light. These 
are the so-called “killed vaccines ’’ 1 hey arc much more commonly used 
today than those containing active virus. 

Rabies Vaccines Containing Active Virus 

THE PASTEi k VACCINE Thc basis of this vaccine is a virus modified by long 
continued serial passage through rabbits (18) The first rabbits usually die in 
about 15 days after intracerebral inoculation with brain-virus from a naturally 
occurring disease in a dog (street virus). As the process of serial inoculations 
in rabbits continues, the period of incubation becomes shorter and shorter. 
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Finally the inoculated animals die regularly on the 6th or 7th day and no 
matter how long the serial inoculations are continued this incubation period 
cannot be shortened A stage o( maximum and stable virulence for the rabbit 
has been reached Pasteur called such a virus, his virus fixe, and this term con- 
tinues to be used fur it. Whereas fixed virus is much more highly virulent 
for rabbits than street virus, ns pathogenicity for dogs and man has greatly 
declined In his fixed virus, Pasteur and co-workers found a way to propa- 
gate an attenuated rabies virus, suitable for vaccine manufacture for man and 
dogs. 

In making the Pasteur vaccine the fixed virus in the spinal cords of rabbits 
IS further attenuated, or perhaps only reduced in amount, by drying the cords, 
suspended in the air in large Ixniles over caustic potash Fresh cords are ob- 
tained every day, so that tissues which have been dried for periods at daily 
intervals varying from 1 to 14 days arc on hand Treatment of man is begun by 
tniecting suspensions of such cords which have been dried for 14 days. Gradu- 
ally, day by day, in successive doses, sus|>ciisions of cords which have been 
dried for shorter periods arc iisol until finally those which have been dried 
only a or 4 days are used. In the older treatments, 21 days were required for 
the full course of treatments but nwre rceentlv they h.ive been completed in 
14 days, two iniections being made per day in the beginning, particularly if 
the bite hap()encd to Ik on the f,icc in which case it is desirable that im- 
munity be built up as rapidly as possible because of the short incubation 
period of such cases 

The Pasteur treatment can be applied to animals successfully, as was dem- 
onstrated first by Pasteur himself, however, it has seldom been used on animals 
licrause of ns cxiKiise As a mailer of fact, this form of vaccine is seldom used 
on man today, since cheaper, more stable vaccines are available which are 
probably just as efficient. Because the maienal for the Pasteur method has to 
be manufactured daily, so as to have fresh material on hand constantly, this 
method IS applicable only in places where laboratories for its production are 
at hand For manv vrars this was managed in Pasteur Institutes located in 
many parts of the world, to one of which the patient had to go for the treat- 
meni. 

THE HOCYES vAcciVE This IS somctimcs called the Hungarian vaccine, it 
having liccn developed in the Budapest Pasteur Institute It has been used 
there for human patients since 1895. Fre^ spinal cords of ralibits dead of fixed 
virus infection are emulsified in saline solution and multiple dilutions arc 
made. Treatment begins with highly diluted suspensions and as it proceeds 
ntorc and more concentrated suspensions are used. In the beginning the treat- 
niencs began with suspensions diluted as much as i 5,000. Later much more 
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concentrated suspensions have been used with safety. This vaccine probably 
differs little from the original Pasteur since dilutions probably accomplish the 
same purpose as the drying process. The method has been successfully applied 
to animals 

THE HARRIS VACCINE This differs little from the Hogyes vaccine except that 
It has good keeping qualities and thus can be shipped and administered in 
places remote from a laboratory The vaccine is made of the spinal cords of 
rabbits dead of fixed virus infection (6) 1 he fresh cords arc frozen with car- 
bon dioxide snow, ground to a powder, and dried quickly while frozen. If 
kept dry and frozen the virulence rem.iins constant for long ^leriods. For use 
the powder is removed from the vacuum ampoules 111 which it is stored, sus- 
pended in saline solution, and iniected Beginning with very small quantities 
of virus in the first inicctions, the dosage is increased as the m)ecrions pro- 
ceed This vaccine is used in human practice only. 

Rabies Vaccines Containing Inactivated Virus 

THE PHENOL “killfd" \ sr( INFS Semplc (21), working with the British Army 
m India, as early as igii used fixed virus inactivated with phenol as a vaccine 
for rabies in man In recent years the Semple I’aciint has been extensively 
used for human protection, especially in the United States It has given results 
which apparently are as good as those of the original methwl of Pasteur. 
Since the Semple vaccine can be made up in lots and kepi for a considerable 
lime before use and can be shipped long dist.inccs and aflminisiercd by local 
physicians, its use is much simpler and more economical than the vaccines 
containing living virus Treatment wnth the Semple v.tccine consists of mul- 
tiple doses, each dose consisting of the same material as the preceding. 

In ig2i, Umeno and Doi (2?) published the results of the immunization of 
dogs in Tokvo with a phenol-trcaicd vaccine Their vaccine was made from 
the brains and spinal cords of rabbits dead of fixed virus infection. The nerve 
substance was finely triturated, then suspended in four rimes the quantity of 
fluid consisting of 60 per cent glycerol containing 1.25 per cent phenol. The 
suspensions were kept for yi days in the refrigerator, or for two weeks at room 
temperature, before being released for use In use the suspension was injected 
subcutaneously in the proportion of i cc per 5 pounds of body weight. Only 
a single injection was given as a prophylactic dose. They reported that the 
vaccine had been used on about 215,000 d«gs of which 175 later died of rabies 
(0.76 per cent) whereas in the same region 2,860 cases of rabies were seen in 
dogs not vaccinated. 

The vaccine of Kondo was quite similar to that of Umeno and Doi and the 
results of its use were similarly gratifying, according to the author. 
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Phenol-treated vaccine was introduced into the United States by Eichhorn 
and Lyon (2) in 1922 The results m general have not been nearly as good as 
those achieved by the Japanese workers. The reports have been so conflicting 
that It IS impossible to judge of the vaccine’s ellectivencss, but there have been 
enough adverse reports to indicate clearly that it frequently did not convey the 
protection that was expected of it. Recent developments, which will be re- 
ferred to Liter, appear to have given the answer to the question of why the 
vaccine seemed effective at times and ineffective at others 

In 192S, Reiser (9), of the U S Army Veterinary Corps, published prelim- 
mar> results on a rabies vaccine for dogs in which the fixed virus was in- 
activated with chloroform Schoening (20), in 19^0, compared Reiser's vac- 
cine with a phenolized vaccine and concluded that the former was superior 
as an immunizing agent for dogs Reiser (10) gave details for the manu- 
facture of his vaccine in 1930 The brim and sjnnal cord of fixed-virus rabbits 
are triturated thoroughly and suspended in 2 parts of physiological saline 
solution 1 he mixture is filtered through gauze, chloroform is added to the 
extent of I per cent, the mixture is allowed to stand at room temperature for 
24 hours and then stored in the refrigerator for 6 weeks 

The original phenol .inti chloroform treated vactines intended for the 
singlc-injcctiun use on dugs were made from the brains and cords of rabbits 
Since the amount of vaccine material obtained from these siiecies is relatively 
small, many manufacturers have used the brain of sheep and especially of 
horses, killed by intracerebral injeetion of fixed virus, for this purpose 

Rabies vaccines have been made by treating fixed-virus suspensions with 
formalin, and with ether, but the rejxirts do not indicate that either of these 
types h.ive any advantages over the ones already descnbetl Recently Htxles, 
Lavin, and Webster (7) base dcscrilKd a new txjic of rabies vaccine prepared 
by inactivating fixed virus with ultra-violet light Later jiapers by Webster 
and associates (S) (27) have shown that this vaccine will protect mice and 
dogs The v.iccine has not yet been used for field work but the experimental 
results are promising 

Webster (24) in 1939 studied the immunization of white mice with various 
rabies vaccines, both siiccially prepared and commercial prcxlucts, purchased 
on the open market It was found that living virus, administered intrapentun- 
eally effectively pmtected these animals, the [irotcction against intracerebral 
inoculauon being cst.ibhshed within to da}s and lasting for at le.ist 9 months 
When fixed virus was given subcucaneousl) the protection was not so certain, 
the protecting dose being quite close to that ss'hich infected the animal. Com- 
mercial vaccines containing living virus behaved like that prepared experi- 
mentally in the laboratory The phenol-treated v.iccincs, however, both those 
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made for human and for canine use, generally failed to protect. When used in 
very large doses, one phenol-treated commertia! product gave sausfactory 
protection Both laboratory-prepared and commercial vaccines inactivated 
by chloroform, according to Kelser*s directions, gave protection when admin- 
istered in doses from 2 to 5 times as great as that prescribed. The chloroform 
proved very irritating to the peritoneum, however 

Following the suggestion provided by the work of Webster, referred to 
above, that commercial rabies vaccines varied in immunizing properties, Habcl 

(3) of the U. S Public Health Service, published in 11130 the first of several 
papers dealing with the antigenicitic' of different rabies viruses. His method 
involves the use of 48 white (Swiss) mice for c.ich lot tested. Thirty of these 
are given 6 doses at two day intervals of o 23 cc of a 0.5 per cent brain emul- 
sion of the saccinc, intrapcritoncally Fourteen days after the first dose of 
vaccine was given, all vaccinated and 18 control (unv.itcinatcd) mice arc gtven 
doses of fixed virus, inir.iccrcbrally Both vaccin.iled and control groups are 
divided into smaller grougis and are in|ccted with varying dilutions of virus. 
The M. L D of the virus is considered 10 be that dilution which kills 3 
out of 6 mice with rabies The immunilv end-point in ihe vaccinated ani- 
mals IS the lowest dilution of the icsi tlose of virus in which 3 of the 6 
mice survive The number of M L Ds against which protection is given can 
be calculated from the numlKr of times greater the concentration of virus 
must be to kill the vaccinated as compared with the conirols. In using ma- 
teri.i)s which he prepared himself, Haltcl found tbit the protection often 
IS good against as many as 50,000 M L Ds He suggested that for commerctal 
products, there should b< a rccjuircmcnt that they protect against not less than 
1,000 M L Ds This method of dctcrmmmg the potency of commercial rabtes 
vaccines is known as the Habel Test 

In studying commeicial vaccines using the method )ust described, Habel 

(4) found that only 12 of a group of 31 protected against as much as too 
M L Ds and some gave no protection whatsoever. Oi these 31 strains, 25 
originated from the old Pasteur fixed-virus strain, but had been propagated in 
different ways and by different persons Some of the potent strains had been 
derived from ones which proved to be imjxitcnt Because of the great irregu- 
larity found 111 the antigenicity of the different strains in use for commercial 
vaccine production, it was suggested that all manufacturers lie rccjuircd to test 
the antigenicity of each lot of commercial vaccine before its release, and this 
requirement has now been imposed on all manufacturers in the United States. 

Another factor of importance in rabies vaccines, and apparently in all vac- 
cines made from viruses, is the amount of virus present (5). This is especially 
true in inactivated viruses since there is no multiplication in the body of the 
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animal treated and thus all antigenic stimulation must come from antigens 
present in the vaccine. The amount of virus present in the nervous system of 
animals dead of rabies apparently vanes from animal to animal A vaccine 
prepared from one which has little virus will not be so potent as another made 
from an animal with a greater virus concentration The Habel test will, of 
course, indicate whether there is enough vnus to give good immunizing prop- 
erties as well as show whether that which is present is sufficiently antigenic to 
make a useful vaccine. 

Kligicr and Bernkopf (11), and Dawson (i) have shown that rabies virus 
can be propagated in the brains of chick embryos and that it occurs in great 
concentration there. If greater concentrations of virus can be obtained in this 
or any other way, such material probably will make more effective vaccines 
than can be made from brain material Kligicr and Bernkopf (12) have im- 
munized successfully a small number of experimental dugs using a tissue- 
culture vaccine inactivated with formalin 
It seems likely that much more effective vaccines for the prevention of 
rabies are now available th.an heretofore, and it will be interesting to note 
the results of field use on dogs of the newer vaccines of proven antigenicity 
Since the amount of virus contained in the inactivated vaccines is so important, 
several doses of vaccine will uncluubtcdiv be more effective than a single dose 
It may be, however, that with a single large dose of high potency vaccine, dogs 
may be successfully protected from this disease Field use will have to provide 
the answer to this question. 
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PSEUDO-RABIES 

Synonyms Aiijmkys Disease, Mad Itch, Infectioiii Bulbar Paralystt 

This disease has been observed in tatile, dogs, and cats in which marked 
symptoms occur and in which the mortality rate is high, and in swine m 
which the symptoms arc mild and the mortality low It has also been 
reported in sheep and horses but infections in these animals appear to be 
rare By inoculation many other animal species may be inferted Human in- 
fections have not been observed 

The disease occurs sporadically in Europe, where il has been seen in most 
of the countries of the continent li has caused large losses 111 Hungary where 
It was first described by Aujes/ky (i), whose name is aiiached to the disease. 
It has been seen in the United Slates where 11 occurs in the mid wesierii states. 
In this country the disease has been seen only in cattle and in swine. In cattle 
the disease is sjioradic In swine, according to the work of Shope (7) (8) the 
disease is evidently widespread in the cornlielt icgion where it occurs as an 
inapparcnt disease The cause is a filterable virus 

Character of the Disease. In aniiiwls other than swme, the disease is mani- 
fested by an intolerable itching ot the skin which cra/cs them and causes them 
to lick, rub, and bite certain areas, especially where abrasions occur and which 
represent the atrium of infection These animals inav mutilate themselves 
badly m their attempts to allay the itchimr. Dogs and cats may chew and tear 
foreign materials and injure themselves badly by throwing themselves vio- 
lently against the sides of cages They do not attack man, however, as such 
animals do when affected with rabies in the furious stage. In these animals 
pharyngeal paralysis occurs early and saliva flows from the mouth. Death 
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usually occurs within 24 to 36 hours after the appearance of the first symp- 
toms. In cattle the disease usually begins by an itching of a localized area of 
the skin, frequently in the flank region The part is constantly licked by the 
animal until it becomes reddened and inflamed The animal may rub the part 
against fence posts or even against barbed wire in which case the affected area 
becomes a great ragged wound The animals often bellow loudly, sweat pro- 
fusely, and stamp their feet The animals do not eat, paralysis of the pharynx 
occurs, they fall exhausted, and die within 48 hours There is no evidence of 
fever during the course of the disease The disease in swme is quite different 
from that in other animals It is quite apparent that the disease occurs in the 
mtd-western part of the United States in many swine in which the sickness is 
never recognized It usually takes the form of a mild affection accompanied 
by several days of fever and perhaps vomiting but resulting generally in re- 
covery. In exceptional cases only do fatalities occur In all animals occasional 
cases are seen in which the disease takes the form of an encephalitis without 
cutaneous itching These cases arc almost invariably fatal even in swine. 

The Inoculation Disease. I'hc symptoms seen in n.nturally infected cases can 
be produced experimentally bv the inoculation of animals with the virus A 
little of the edematous tissue from the lesion m cattle, injected subcutaneously 
in rabbits, results in typical m.Kl itch symptoms These begin after an incu- 
bation period of about 2 days The animal first licks the point of inocula- 
tion, later Ixcomes more frenzied and bites and tears ihc skin of this area 
This lasts for 4 to 6 hours by which time the animal is exhausted It then 
lies on Its side, shows clonic spasms, labored respiration, and dies Material 
from cattle will not infect guinea pigs or mice when inoculated sulKutancously 
but, curiously, the virus which has been passed through a rabbit brain will 
then cause mad itch symptoms in these animals (6) 

According to Hurst (2), who studied the distribution of ihe virus of pseudo 
rabies in the rabbit, whether the animal is inoculated subcutaneously, mtra- 
dermally, or intramuscularly, the virus reaches the central nervous system by 
{lassagc through the {icrtpheral nerves in spite of the fact that virus occurs for 
a time in the blncKl After intracerebral inocuhition virus passes ccntripetally 
from the nervous system to the lungs .After intravenous inoculation, the virus 
rapidly disappears from (he bliKid. forming multiple infective foci in the or- 
gans from which it passed through the nerves to the brain When subcutane- 
ous inoculation is done in an area deprived of its nervous supply, symptoms 
are delayed because the virus must then pass from the local area through the 
blood to establish visceral foci from w’hich the infection of the central nervous 
system occurs secondarily. He considers this a pantropic virus, that is, one 
which affects many cells derived from all of the embryonic layers. 
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When the virus is injected intracerebrally, it is uniformly fatal for rabbits, 
guinea pigs, rats, and mice. Pruntis of the skin does not occur in such cases. 
After an incubation period of 34 to 48 hours, symptoms of excitement are 
shown and blindness evidently occurs. The animals run about their cages 
wildly and injure themselves by running into the walls. Salivation and grind- 
ing of teeth frequently occur. Death occurs after a short period of coma. 

The lesions in cattle dead of this disease are not extensive. At the site of the 
local lesion the skin is lacerated, denuded, and generally covered with dried 
bloody exudate The subcutaneous tissue is bloody and frequently extensively 
edematous. The lungs usu.-illy show congestion and edema. Except for 
hemorrhages on the heart wall, and fluid in the pericardial sac, there are no 
other characteristic lesions In inoculated rabbits the lesions are similar to those 
of cattle except that the pulmonary edema is much more severe Tlic lung 
lesions occur in rabbits whether the inoculation is made subcutaneously or in- 
tracerebrally . 

Properties of the V'inis. The p.-irticulate size of the virus of pseudo-rabies is 
rather large It has been estimated by ultra-filtration to be about 120 milli- 
microns Shape (4) found that the virus in brain suspensions passed Berkefeld 
V, N and W filters He also reported that virus stored in 50 per tent glycerin 
in the rcfriger.itor was only slightly attenuated after 154 days In affected ani- 
mals the virus is found in the edematous subcutaneous tissue m the local skin 
lesion and in the lungs The bltxid, liver, spleen, and other organs ordinarily 
arc free from virus When animals are inoculated intracerebrally, virus is regu- 
larly found in the brain and in the lungs, but not usually elsewhere. When 
infections arc produced by intranasal instillation, virus occurs in the lungs and 
usually in the brain as well, but not elsewhere. 

Transmission. The transmission of pseudo-rabies has been largely cleared 
up through the work of Koves and Hirt (4), and of Shopc (9) The European 
workers were the first to recognize that the disease sometimes assumed epi- 
zootic proportions in swine and that it was definitely contagious in this species. 
They assumed that the virus escaped in the saliva and possibly in the urine. 
Shope also observed that the disease spread from animal to animal in swine 
but did not in any other species with which he worked. He was unable to 
find virus in the saliva, urine, and feces but demonstrated that the nasal secre- 
tion, beginning about the sixth day after inoculation, was infectious and that 
it was by means of this secretion that the disease was transmitted. The nasal 
secretion shows the presence of virus quite regularly about the tune of the 
temperature rise and it continues to be eliminated for several days during the 
course of the symptoms but disappears shortly thereafter. Rabbits were readily 
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infected by rubbing a slightly scarified skin surface on the nose of pigs during 
the period of symptoms 

The disease in other animal species is not contagious Since it is a general 
custom in the mid-western part of the United States to let swine run with cat- 
tle, It IS Shope's belief (q) that swine represent the natural reservoir, and that 
cattle infections occur incidentally, probably through minor wounds of the 
skm which become contaminated with nasal secretions of swine which usually 
are not recognised to be sick Shope (7) (8) also showed that ordinary brown 
rats, which arc frequent around corn cribs and animal quarters in the mid- 
western states, readily develop pseudo-rabies by ingestion, and he suggests that 
these rodents may be the means of carrying the infection from one farm to 
another. 

Artificial Cultivation of the Virus. Traub (10) was the first to report success 
in cultivating the virus of this disease He succeeded in obtaining multiplica- 
tion in media containing minced testicular tissue of rabbits and guinea pigs, 
and also in a miiicid chick embryo medium 

Immunity. Practicable methods of immunization have not been developed 
Shope (9) has shown that swine which have recovered from the disease have 
neutralizing antibodies in their sera Using this technic he was able to show 
that the European disease and the one in America cross-immunized perfectly 
and thus could Ik considered to be identical (li) The same method showed 
that swine on a farm where cattle h.id been lost from this disease had im- 
munizing antibodies in their scr.i, and also ihat many swine originating in 
the mid-western states anti being used for the protluction of anti-hog-eholera 
scrum possessed neutralizing antibodies, whereas similar animals raised in 
the eastern states lacked them (8) 
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The Infectious Equine Encephalomyclitidcs 

At least four immunologically distinct viruses have been isolated from horses 
suffering from encephalomyelitis The first of these was from a disease vvhich 
has been reported only from Germany and which is commonly known as 
Borna disease, the name being derived from a village around which the disease 
was enzootic This disease can be differentiated from the others on the basis 
of a number of features which will be discussed below. The Western and 
Eastern types of encephalomyelitis in the United States, and the Venezuelan 
type of South America produce diseases which arc similar All of these are 
destructive Similar diseases have been described in other pans of the woild 
Whether they are caused bv these or different viruses is not known. All of 
these viruses naturally occur in other sjiecies of animals and all hut that of 
Borna disease have been found as the causative agents of serious diseases of 
man 

BORNA DISEASE 

This disease is an eneephalomyeliiis of horses, oecasionallv of sheep, which 
has occurred annually for a century or more in ceiiain ioealiiies in Saxony. 
There are no characteristic gross lesions but microscopically the usual lesions 
of virus encephalitis and mvelitis arc exhibited These consist of perivascular 
infiltrations of lymphocytes (blood vessel “cufling"). dcgcncr.itioii of ganglion 
cells, neuroiio)ih.igia, and multiplication of neuroglia cells The lesions are 
most marked in the brain stem Lesions in the spinal cord are much less severe 
than those in the brain A characteristic feature of Borna disease is the in- 
tranuclear bodies, commonly called fuest Ixidies which were first described by 
Joest and Degcn (i) in 1909 These inclusion bodies arc seen in the ganglionic 
cells in the hippocampus and in the olfactory lobes, more rarely in other parts 
of the brain and cord With the Giemsa stain these btKlics appear as reddish, 
round or oval bodies, varyini' in size, cmlicddcd in the nuclei which are 
stained a light blue color Each of the brKiics is surrounded by an unstained 
halo These liodics can be found in nearly all cases of Borna disease In 1927, 
Zwick, Seitried, and Witte (2) isolated a virus from the brains of naturally in- 
fected horses and demonstrated its causal relationship to the disease. 

Character of the Disease. The period of incubation of this disease is at least 
4 weeks in this respect differing from the other forms of virus rncepba- 
iomyelitis in which it is very much shorter. The initial symptoms consist of a 
low fever, difficulty in swallowing, salivation, hyperesthesia, reflex irritability, 
spasms of the neck muscles, and other signs of cerebral irritation These ter- 
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minate in drowsiness and paralysis, either localized or general The symptoms 
vary greatly The course of the disease is also varied. Many cases die within 
I week after the appearance of the first symptoms; others may not die for 
3 weeks The mortality averages 90 per cent. 

Borna disease can be transmitted from horses to rabbits by intracerebral, 
intraocular, corneal, nasal, intravenous, intrapcritoneal, or subcutaneous inocu- 
lation of brain material. Guinea pigs, rats, hens, and sheep can be infected by 
inoculation but these species are not so susceptible as rabbits The virus can be 
propagated indefinitely in rabbits by brain to brain inoculation The incubation 
period in rabbits is from 3 to 4 weeks and the period of symptoms is 
from 1 to 3 weeks. Death occurs in nearly all cases. A variety of nervous 
symptoms are exhibited by the animals and general paralysis occurs before 
death ensues Zwick and co-workers produced two cases of the disease in mon- 
keys, which suggests that human infections might occur, however none have 
been recognized 

Nature of the Virus. The virus of Borna disease is filterable with difficulty 
Elfurd and Galloway estimate us size as between 85 and 125 millimicrons It 
IS much more resistant than the other encephalitis viruses In 50% glycerol 
brain virus c.m lie kept for at least six months Zwick and Witte found that 
dried virus kept its virulence fur more than three years In nqueoiis suspen- 
sions in which fermentation is prevented, the virus remains alive for long 
lieruxls 

Transmission. The mode of transmission of this disease is not known with 
certainty Unlike the other forms of virus encephalitis of horses which occur 
during the warm periods of the year almost wholly, Borna disease ixcurs 
throughout the year Most of the cases arc seen from February to July About 
the time of year when the other forms of encephihtis appear, Borna disease 
cases become less frcc]uent. The seasonal occurrence suggests that insects play 
no part in its transmission According to Joest and Degen, the virus is present 
in the salivary glands, in the saliva, and in the secretions of the naso-pharynx 
Ihe fact that lesions may be demonstrated regularly in the olfactory tr.ict 
IS suggestive of an entry path here by svay of the naso-pharynx Successful 
feeding experiments have also been reported, hence the digestive tract may 
be a portal of entry. 

Artificial Culdvatioii. Successful cultivation of the virus of Borna disease in 
artificial media has not been reported. 

Immtinity. Zwick, Seifned, and Witte (3) report the successful immuniza- 
tion of horses with lapinized virus. Hie method has been used successfully in 
the field. 
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NORTH AMERICAN EQUINF ENCEmALOMYEUTIS 

It appears certain that an enzootic encephalomyelitis of horses of virus 
origin has occurred in the United States for many years In the late summer 
and early fall of 1912, large numbers of horses were lost in Kansas, Nebraska, 
Colorado, Oklahoma, and Missouri from what was most certainly virus en- 
cephalitis although It was not recognized as such at the time. The outbreak 
and the characteristic lesions were described by Udall (33). It is estimated 
that 35,000 horses died of the disease from mid-summer until heavy frosts in 
October put an end to the outbreak. In later years small outbreaks of the 
m.Tlady appeared in many of the western states. 

In July 1930 the disease appeared among horses in the San Joaquin valley 
in California The outbreak conunued through August, reached its peak in 
September, and disappeared with the advent of cool weather m November It 
was studied by Meyer, Haring, and Howitt (22) who eviimatcd that 3ax» 
horses and mules perished from this disease, this number being about one-halt 
the total of recognized cases These workers isolated and studied the virus 
of the disease The following year the disease reoccurred in the s.ime area 
and appeared for the first time in several of the neighboring slates. The 
disease reappeared in each successive summer spreading over a larger and 
larger area In 1937 the disease was recognized in every state west of the Mis- 
sissippi river and in several cast of it The peak in the disease incidence oc- 
curred in 1938 when 184,000 horses were estimated by the U S Bureau of 
Animal Industry to have died from it By this time every state lying west of 
the Appalachian mountains had had cases. The incidence of the disease in 
1939 amounted to only about 4 per cent of that of 1938 and m more recent 

years it has remained at about this level. 

In 1933 an isolated focus of the disease appeared along the coastal plains of 
Delaware, Maryland, Virginia, and southern New Jerse> and it is certain that 
at least 1,000 horses died of the disease in that year. The symptoms of affected 
animals were much like those exhibited by horses in the western parts of the 
country but the mortality rale was much higher, approximating 90 per cent. 
It was generally believed at first that the disease was identical with that which 
prevailed m the aiuntry west of the Appalachian mountains but Ten Broeek 
and Merrill (31) ptnnted out that the virus was immunologically different, 
since animals which had been immunized to the virus of the eastern disease 
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were not protected against the virus of the western disease, and vice-versa. 
These results were quickly conHrmed by others, and it became generally ac- 
cepted that there were two types of the disease in the country, these being 
differentiated under the names of the western type and the eastern type, re- 
spectively. Both types produce encephalomyelitis in horses, the symptoms and 
pathological changes being practically identical, the principal differences be- 
ing that the eastern type is much the more virulent for horses, most experi- 
mental animals, and man, and that there is little or no cross-immunity be- 
tween the two types The eastern type of equine encephalomyelitis remained 
localized along the eastern seaboard in the general area where it was first 
recognized, reoccurring each summer and fall, until 11)38 when it suddenly 
extended northward, appearing in Connecticut, Rhode Island, and eastern 
Massachusetts. In this year a considerable number of fatal cases were recog- 
nized in human infants, these cases occurring in the area where the horses 
were dying of it, principally in Massachusetts These will be discussed below. 
In the same year n.itur.illy-occurring fatal cases in ring-necked pheasants were 
recognized by Tyzzcr, Sellards, and Bennett (32), and the virus was isolated 
from .1 common pigeon by Fothergill and Dingle (f>). The avian infection 
occurred in eastern Massachusetts and Connecticut in areas where horses were 
dying The virus in each case proved to lie of the eastern tvpe In 1041 Ran- 
dall and Eichhorn (23) reported a small outbreak of encephalomyelitis near 
Brownsville, Texas, near the scacoast in which the virus proved to be of 
the eastern tjpe Except for this instance, the two types of the disease have not 
appeared 111 the same territory, the eastern type remaining on the eastern 
seaboard and the western, west of the Appalachian chain Many cases of the 
disease have occurred in the central and western provinces of Canada, the 
western ty|>c virus being the causative agent In 1939 a few cases exteurred in 
eastern Ontario near the Great Lakes, the virus being of the eastern type. 

Character of the Disease in Horses. The disease occurs almost exclusively in 
farm horses from June to November In the southern [lart of the country 
sixiradic cases may occur during the winter Horses of all ages arc equally 
susceptible Usually nut more than 20 per cent of the hor,ses on any one place 
become infected, and considerable periods may elapse between cases on the 
same premises. The mortality from the western tyyie of the disease usually 
IS not in excess of 50 per cent and may be considerably less; that of the eastern 
type of the disease is much greater, being 90 per cent or higher. 

The incubation period is from i to 3 weeks. In this respect the Amer- 
ican disease differs markedly from the German Borna disease in which it is 
from 4 to 7 or more weeks. 

The symptoms are those of deranged consciousness. The affected ammal 
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in the earlier stages of the disease may walk aimlessly in circles or may crash 
through fences and into obstacles of any kind. Later a sleepy attitude develops, 
the animal standing with depressed head Local paralysis may develop and 
later this becomes $0 complete that the animal goes down and is unable to 
rise. Death occurs within a dav or two after symptoms appear. Animals which 
recover from severe affections frequently show permanent cerebral damage, 
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manifested by loss of ability to react to normal stimuli. Such animals arc often 
called “dummies” by horsemen. 

There are no characteristic gross lesions in animals dying of this disease 
Hurst (14), who studied the histology of the lesions in the central nervous 
system, says that the grey matter is alTccicd to a greater extent than the white, 
and that the lestons are most marked in the cerebral cortex, thalamus, and 
hypothalamic regions, the brain stem and spinal cord lieing less involved as 
a rule The lesions consist of degeneration of nerve cells with the appearance 
in the neurons of intranuclear inclusion htidies resembling those described 
by Joest in Borna disease, perivascular cuffing with mononuclear and poly- 
morphonuclear cells in varying proportion, polymorphonuclear leucocyte in- 
filtrations into the grey matter, and proliferation of glial cells. The lesions 
produced by the western type virus are, as a rule, less intense than those caused 
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by the eastern type. Meyer, Haring, and Howitt (22) were unable to find 
inclusion bodies and made a point of this fact in differentiating this disease 
from the Boma disease of Germany. Dunng the Kansas horse plague of 1912 
a number of workers sought unsuccessfully to demonstrate inclusion bodies 
similar to the Joest bodies of Borna disease. 

The Disease in Animab other than Horses. That of the virus of.^uine en- 
cephalomyehtis might have a natural 
was suggested by Ten Broeck, 

Hurst, and Traub (^o) in 1935. The 
suggestion was based upon epizooti- 
ological evidence. Reference has al- 
ready been made to the finding of 
naturally infected pheasants by Tyz- 
zer, Sellards, and Bennett (32), and 
of a naturally infected pigeon by 
Fothergill and Dingle (6) during 
the 1938 outbreak in Massachusetts 
and Connecticut In 1941, Cov, Jelli- 
son, and Hughes (5) reported the 
finding of a naturally infected prai- 
rie chicken (Tympanuchut cuptdo 
amertcanus) in an area in North 
D.ikota in which the disease was 
prevalent in horses and man In 
1940 Gwatkin and Moore (9) ex- 
amined the brains of a considerable number of ground squirrels (Citellus 
rtchardsom), captured in the field, for virus In one lot of brains some agent 
prcxluced febrile reactions in two guinea pigs The experimental animals re- 
covered but later proved refractory to a large dose of western type encephalo- 
myelius virus, hence the authors believed that the virus existed in the brain 
of the ground squirrel used for inoculation 

Animab SiwxpUble to Experimental Inoculation. Meyer, Haring, .and 
Howitt found that guinea pigs were highly susceptible to intracerebral inocu- 
btion with virus of equine origin, and this animal is the most suitable for 
diagnostic work. Death occurs in four to six days, as a rule, being preceded 
by an early febrile reaction, followed by muscular tremors, flabbiness of the 
abdominal muscles, salivation, and trotting movements after the animal 
goes down. Rabbits are much less susceptible. A febrile reaction occurs and 
wui exists in the blood but symptoms are very mild or absent, and recovery 


reservoir in animals other ^mS^orses 
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generally occurs White mice are very susceptible. They may be infected by 
intracerebral inoculation and also through the undamaged natal mucosa. 
Calves can be infected by intracerebral inoculation. These animals display 
marked nervous symptoms beginning about the 5th day. By the mh <lay 
recovery usually is complete, according to Giltner and Shahan (8). These 
authors found that sheep, dogs, and cats were refractory to intxulation. The 
conmon ground squirrel of the western states {Citelltis nckardsom) may 
reamly be infected by intracranial inoculation 
A^&n species known to be susceptible to inoculation .ire as follows* spar- 
rows, quail, pheasants, jiincos, thrushes, pigeons, voung chicks, ducklings, 
and turkey poults Older domesticated birds .are resist.ini to the inixtul.ition 
and ordinarily ilo not die or even show symptoms, however virus can often 
be-demonstrated in their blood for a day or two after inoculation. 

Artificial Cultivation. In tg)s< Higbie and Howitt (12) reported aiuccessful 
cultivation of both eastern and western iv|>cs of equine cnccphaloinyehlis 
virus in chick embryos Minute amounts of br.uii virus pl.iicd on the churiu- 
allantoic membrane resulted in deaths of the embryos in from 15 to 24 hours, 
the embryonic tissues being saturated with virus of a very liigh liter The sen- 
.sitivity of chick embryos to the virus of this disc.isc is very great, frei)ucnily 
less than Mo M L D for the guinea pig lieing required to infect The virus 
can be eultiv.iied very successfully in minccd e luck -embryo tissue sus|>eiide(] 
in Tyrodc’s solution, but this method has been superseded by the simpler 
method detailed above 

NatUK of the Virus. According to Bauer, Cox, and Oliishy (i), the panicle 
size of the virus of equine encephalomyelitis, as dcicrmincd by ultra hltratiim 
studies, is about 25 to 45 millimicrons in diameter 1 his pl.ues it among those 
of relatively small particulate sue The virus remains vi.iblc for long periixls 
when suspended in 50 (ler cent glycerin m a huUcr mixture. It is destroyed 
rapidly in slightly acid solutions and disjpjKars quickly from tissues after 
death of the affected animal, prob.ihly because of the developing acidity This 
IS of importance with regard to dt.ignosis from tissues recovered at autopsy. 
The virus is readily destroyed by tormalin but is rather resistant to phenol 

Transmission of the Disease. Vawter and Records (44) showed in IQ43 that 
horses could be readily infected by intranasal instillation of virus, and trans- 
mission in this way probably occurs at times. The cpizootiology of the disease 
indicates, however, that this cannot be the usual mtxle of transmission. Trans- 
mission by blood-sucking insects and particularly by mosquitrxs bad previ- 
ously been suspected, but Kciscr (15) was the first to show, in I 944 > mos- 
quitoes could be infected and could convey the disease from animal to 
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animal. Kelser used the yellow fever mosquito (Aedes aegyptt) m his work, 
showing that 6 to 8 days after they had been allowed to feed on infected 
guinea nigs they were capable of infecting other guinea pigs and a horse. 
This finding was confirmed by several workers Merrill, Lacaillade, and Ten 
Broeck (ig) in the fallowing year showed that the ordinary salt marsh mos- 
quito (Aedes sollicitans) was capable of transmitting both the eastern and 
western types of virus Another salt marsh mosquito (Aedes cantator) proved 
capable of transmitting the eastern type virus but not the western Anopheles 
quttdnmaculatus and Culex ptptens proved incapable of transmitting either 
type. Madsen and Knowlton (18) in 19^5 showed that local species of Aedes 
mosquitoes in Utah, Aedes dorsalis and A ntgromaculis were capable of 
transmitting the western type virus Others have shown that Aedes albopic- 
tus, A. taemorynchus and A vexans were capable of transmitting the west- 
ern type virus Merrill and Ten Broeck (20) proved that the virus multiplies 
in the alfected A. aegypu by feeding starved individuals upon previously 
infected mosquitoes which had been ground into a paste In this way they 
propagated the disease through ten lots of mosquitoes in each of whuh it was 
estimated that there had been a dilution of at least 1 100 They concluded 
that the results could be explained only upon the basts that the virus had 
increased in the insects. 

In all of the mosquito experiments referred to above, the insects were in- 
fected by feeding them upon artificially infected animals or brain material 
It was not until the summer of 1941 that naturally infected wild mosquitoes 
were detected. In that year. Mammon, Reeves, Brookman, Zumi, and G)uIIin 
(ii) demonstrated the western type virus in one lot ot most]uitoes (Culex 
tarsalis) caught in the Yakima valley in Washington during the course of 
an outbreak tif the tliseasc in horses This species is widely distributed in the 
states west of the Mississippi river It is known to feed upon man, horses, 
mules, cattle, and mallard ducks. 

The accumulated evidence has convinced most workers that equine en- 
cephalomyelitis IS transmitted principally by mosquitoes which have fed upon 
animals during the early stages of the disease when ihc virus is commonly 
present in the blood. 

Syverton and Berrv (28) showed, in igyy, that the spotted fever tick, Der- 
macentor andersom, could serve as a vector for the western type of equine 
encephalomyelitis virus. Adult and nvmphal stages of this tick were allowed 
to feed on recently infected guinea pigs At intervals varying from 32 to 80 
days thereafter, successive stages in the developmental cycle of these ticks 
were allowed to feed on normal guinea pigs and ground squirrels. The disease 
was conveyed to these animals. Continuity of the virus through all stages, in- 
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eluding the eggs, was demonstrated At the time of the report virus had re- 
mained in these ticks for 130 days, a period sufficiently long to suggest that 
this might be one way by which the virus was preserved from one season to 
the next Gwatkin (9) confirmed the essential details of this work 
In 1940, Kitselman and Grundmann (16) demonstrated the western type 
virus in a large blood-sucking insect known as the “assassin bug” (Tnaioma 
sangmsuga) captured in a pasture in Kansas Since this insect is common in 
many parts of the west and is known to feed ufxm horses it is |x>ssible that it 
sometimes plays a part in the transmission of the virus 

Immunity. Records and Vawter (24) showed, in 19^4, that horses might be 
effectively immiini/ed to the western type of virus by iii|u.ling them with 
fully virulent brain virus, subcutaneously Traiiband Ten Hroeck (29) showed 
that a virus strain which had been passed through many generations in pigeons 
became mrxlificd so that it had lost much of its iiilectivity for horses and could 
be used subcuianeously as a vaccine Live virus, as an immiiiu7ing agent, has 
obvious disadvantages since it circulates for a time in tlie bUxid and the hazard 
exists that bliKKl-sucking insects might become inftcted and inmate outbreaks. 
The way was opened for a safer vaccine when Sh.ihan and Giltncr (26) 
demonstrated that horses could be effectively immuni/cd by the in)cciion of 
brain virus which had been m.ictivatcti with formalin 1 he use of a formalin- 
ivcd brain virus met with only p.irtial success in ibe fiild, however it was 
wtdclv used until a belter vaccine, made from chick embryo cultures was 
introduced by Heard, Finktlsicin, Scaly, and Wyckoff (5) in ig^H 
1 he chicl{^ emhi vo vaiane is made by inoculating the chorio-allantiiic mem- 
brane of developing chicks .ibout 10 davs tikl (incubaiion lime) with virus. 
1 he virus multiplies very rapidly, re.iching a very high tiler in .ibout 15 hours, 
and the embryo usually dies from tlit virus rc.iction in from 15 to 24 hours. 
The vaccine is m.idc by harvesting the virus<ontainiiig embryos, grinding 
them into a paste, suspending them in a saline buffer solution in a 10 |)er 
cent concentration and treating the siis|Knsion with 04 formalin Undoubt- 
edly the greater effectiveness of the chick-cinbryo vaccine over the horse brain 
or guinea pig brain vaccines lies in the fact that the concentration of virus 
IS very much greater The virus content of the cluck embryo is from i/x» to 
io,cxx) times .as great as that of infected mammalian brains The eastern type 
virus regularly attains 3 x 10" mouse infective units per gram whereas the 
western attains 3 x 10" and someumes 3-\ 10“ units. Two doses of 10 cc. of 
the vaccine arc given, the second one week after the first Within two weeks 
thereafter the animal 1$ solidly immune. Immunity, of course, is established 
only against the type of virus in the vaccine The immunity appears to last 
at least six months and probably much longer Annual immunization is prac- 




Fig t 3^ Commercial Manutaciure of Fqutnc FiKcphalomycUtis Vaccine from Egj;> 
embryo Pro^xigaied Virus (i) Tra\s of ferule hen's eggs in an incubating room Ihe 
eggs must l>e inculiated until the embryos arc about ten days old \ftcr inoculation they 
are inculiaicd fur an addiuonal 24 hours at which time most of the embryos base died 
from the elTcxis of the virus (a) Making holes m the shells to permit inoculation This 
IS being done with a power driven dental dnil (3) Inoculating the embryo with virus 
A small amount of v trus is deposited on the churio-allantoic membrane From this point 
It quickly invades the embryo (4) Harvesting the embryos. The girls wear shields to 
protect thetr faces from splattering material (Courtesy of the Ledcrle I.alx>ratones Inc ) 
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ticed on horses living in infected areas. Ordinarily serious reactions are not 
seen after vaccination, however there have been a few reports of a post- 
vaccination disease of rather serious nature. These were described by Shahan, 
Gilmer, Davis, and Huffman (27) The nature of this malady, commonly 
called X disease, is not clear The disease is characterized by icterus, constipa- 
tion, and nervous symptoms, and is 
highly fatal Parenchymatous de- 
generation of the liver and kidneys 
IS commonly found No lesions are 
found in the nervous system and 
virus has not been demonstrated in 
the tissues There is some evidence 
to indicate that these reactions may 
have been due to autolytic changes 
in the vaccine, since manv of the 
cases were seen in animals vacci- 
nated with materials which had 
been made the previous season aiul 
had been held over 

The Disease in Man. Meyer (21), 
in iq?2, reported three cases of hu- 
man encephalitis in persons who 
had associated with horses suffering 
from the western tvpe ol cnccphalo 
myelitis Virus was not isol.itcd from 
any of these cases One proved fatal 
The author suggested tliat these 
cases might have been human in- 
fections with tile virus of the horse 
disease and .advised workers to be 
on the lookout for such cases 7 he first human casts proved to be caused 
by the equine encephalomyelitis virus were described by Foihergill, Dingle, 
Farlier, and Conncrlcy fy) in the late summer of iqijS Shortly afterwards 
others were reptirted by Wessclhoeft, Smith, and Branch (36). These cases 
occurred in eastern Massachusetts during the height of the outbreak in horses 
At least 40 human cases occurred and thr nature of the virus was proven in 
9 cases Webster and Wright (35) proved by neutralization tests on labora- 
tory animals that the virus was of the eastern type, and Schocning, Giltner, 
and Shahan (25) showed that the human virus would kill unprotected horses 
as well as ones immunized to the western type virus but was innocuous to 



lift Cinwiuraa) Maoufatturc of 
(c]U!nc I'nccphaloiTiVLliiis Vauinc from 
hgRcmhrvt) ProjwKaitU Virus The |)ro|)a 
gallon ami liarvcsung of the \ irus is Hrpicicd 
111 Pig The Mruv-containing emhryos 
arc ground to a paste which is siisjirndcd in 
saline solution Pormalm is acidu) in 04 per 
cent concentration and tlic sus|>cnsion> arc 
pfaccti in large which arc kept 111 an 

incuHator r<A)iii untd the virus has }iecii in* 
activated It is then packaged and sinreil in 
refrigerators until needed ((^lurtesy of the 
Ledcric I aliorahiries, Inc ) 



■na vjkvSBS 


562 

horses immunized against the eastern type virus The persons affected were 
mostly children, there were no multiple cases in families, and none had had 
any contact with horses The season had been very wet, however, and mos- 
quitoes were very common. It is believed that mosquitoes were the transmit- 
ting agents It was during this outbreak, it will be recalled, that infected pheas- 
ants and an infected pigeon were found, these probably being infected in the 
same way as the human cases. 

The onset of the disease was sudden and was characterized by high fever, 
convulsions, vomiting, and drowsiness which rapidly progressed to a comatose 
condition Nearly all patients died. The high death rate distinguishes this 
illness from other forms of virus encephalitis in man which ordinarily have 
a much lower mortality rate. 

In iqjS, Huwitt (i-^) reported the first proven case of equine encephalo- 
myelitis virus infection in man caused by the western type of virus This was 
in a 2o-month-old infant who died after an illness of five days In 1941 the 
most extensive outbreak of human encephalitis ever recorded was reported 
by Latake (17) in the north-central part of the United States Nearly ^,000 
human cases were recognized In general the cases were mild, however 195 
deaths occurred Cox, fellison, and Hughes (5) isolated the western type of 
equine cncephalomvelitis virus from eight fatal cases, and virus neutraliza- 
tions with sera of recosered cases leave no doubt that the equine virus was 
the cause of the outbreak The disease in horses at the time of the human 
outbreak was not nearly so prevalent as it had been in several preceding years 
when human cases were not recognized It was a rather damp summer, how- 
ever, and mosquiuxts were unusuallv numerous An interesting feature of 
this outbreak was that cases were more than twice as numerous among males 
as in females, which means, prcsumablv, that ihe males were more exposed 
to mosquitoes while working in the harvest fields than were the women 

Interesting results were reported bv a commission consisting of Hammon, 
Gray, Evans, Izumi, and Lundy (10) which worked in the Yakima valley 
of Washington in the summer of 1941 During the preceding summer both 
St. Louis encephalitis and equine ciicephalomvehtis had prevailed in this area. 
Using virus neutralization tests, it was shown that neutralizing antibodies 
against both of these viruses were surprisingly prevalent in the domestic ani- 
mals of the region As a result of their work it was concluded that barnyard 
fowl, which were found in large numbers in the small towns of the region, 
probably had served as a reservoir for both of these viruses 

Following the demonstration that an effective vaccine could be made for 
protecting horses from the virus propagated in developing chick embryos, a 
number of laboratories began manufacturing the vaccine in 1939 Very soon 
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several fatal human infections occurred in these laboratories. The manu- 
facturers then began to immunize their workers with a somewhat rehiied 
vaccine of the type used on horses [See Beard, Beard, and Finkelstcin (a)). 
This has proved effective and has not caused unusual discomfort or resulted 
in undesirable sequelae. The vaccine is recommended for (lersuns unusually 
exposed to danger of infection. Laboratory workers who are exposed to both 
western and eastern types of virus should use a mixture of buth types of 
vaccine. 

VENEZUELAN EQUINE ENCFPHALOMYEUTIS 
A virus enceph.ilon>yclitis of horses occurs in South America Beck and 
WyckofI (4) studied the virus and compared ii with the Noith .\meriian 
types They found it considerably more virulent for guinea pigs and chick 
embryos than either the eastern or western types of .\'<irih .America A v.iccme 
made of form.ilinizcd tissue of the Vcnc/uctan virus proiccicd against the 
homologous virus hut not against the North American types Anim.ils immu- 
nized to the North American types succuinbed 10 the Venc/uckin virus, but 
those immunized with the eastern type virus showed evidence of partial 
protection 
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INFECTIOUS PORCINE ENCFPHALOMYEI ITIS 

An infectious encephalomyelitis of swine which causes scfious losses has 
been Fcportcd by many wotkers in Germans in recent vears The disease was 
first described by Klubouk in 1929 in svhat used 10 be Czecho-Slov.ikia The 
disease is commonly called Tcnhen disease, the name taking origin from 
the name of the eommuniiy where it was first recognized It is caused by a 
filterable virus 

Character of the Disease. Alter an intubation )ieriiid of about 14 days the 
disease begins with weakness of the hind quarters Usually a progressive 
paralysis begins in the hind quarters and extends to the fore legs so the animal 
IS unable to stand by the second or third dav The animal is unable to lift its 
head, the tongue is often paralyzed and sometimes the lower )aw as well. 
Many, if nut all, cases begin with a mild febrile reaction which disappears by 
the time the paralysis is evident Some animals die within two or three days 
with respiratory paralysis and brain im|xiirmeni which makes them stupor- 
ous. Most cases last longer, for several days or even several weeks In severe 
outbreaks the mortality may approach 90 per cent; m milder ones it may 
not be greater than 50 per cent. Recovered animal^ usually show atrophy 
of the leg muscles and permanently impaired locomotion. 
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Gross lesions arc absent Histological examination of the brain and cord, 
however, show lesions typical of virus induced encephalomyelitis; round cell 
infiltrations, neuron destruction, neuroglia proliferation, and perivascular cuf» 
fing The lesions are most marked in the gray matter of both brain and cord. 
Inclusion bodies have not been found 

Nature of the Virus. Klohouk was the first to demonstrate the virus nature 
of the causative agent He showed that brain m.itenal free of micrixirganisms 
was capable of transmitting the disease to pigs and th.it the histological pic- 
ture was typical of a virus infection According to in.inv authors transmission 
IS not certain even when the material is iniecird intracerebr.illy Diernhofer 
(t) says that he has succeeded uniformly when pigs weighing 16 to 20 pounds 
were used, but his results were erratic when l.irgcr .iniin.ils were employed. 
Infection by intranasal instillation, and intravenous and sulictitaneotis inocu- 
lation, occurs only occasionally, but stirh anim.ils oficii arc immunized by 
such experiences The virus is not pathogenic lor mice, rats, guinea pigs, 
sheep, and cattle, even by intr.iccrchnil inoculation. 

Transmission. The mode of transmission oi this disease is not known. 
Seldom do all animals in a herd become inftcied, licncc the disease is not 
highly conmgious by direct contact Several authors b.ivc noted the similar- 
ity between this disease and poliomyelitis of man. however there have been 
no reports of human infections in those who have been closely associated with 
the swine disease It has been suggested that this malady was .Aujcsrky’s dis- 
ease but tf this were true the characteristic effect upon rabbits should be 
demonstrable It has been suggested that the disease was caused by ihc virus 
of hog cholera, but Dicrnhoter has found that animals immune to 1 cschen 
disease can be infected with cholera virus, and that cholcr.i immune pigs can 
be infected with the virus of 1 eschen disease 

Artificial Cultisiation. There have been no reports of the artificial cultivation 
of the virus of porcine encephalomyelitis 

Immunity. It has been shown that swine can be immunized by injecting 
them with a vaccine made from infected brain and cord material which has 
been treated with 1.5 per cent formalin for ten days In the field this vaccine 
has given doubtful results in many cases In the face of an outbreak of the 
disease the vaccine is useless since protection is developed too slowly. 
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INFECTIOUS AVIAN ENCEPHALOMYELITIS 
Synonym- Epidemic Tremor of Chicks. 

This disease was first described by E. Elizabeth Jones (i) m Massachusetts 
in 1933 In a more complete description of the disease and the virus which 
causes it, Jones (2), in 1934, called the disease epidemic tremor because of 
the peculiar vibration of the head and neck which characterizes many cases. 
Because this symptom is not so frequently seen as others referable to dam- 
age of the nervous system, Van Roeckel, Bulbs, and Clarke (6) proposed that 
It be named infectious avian encephalomyelitis The distribution of this dis- 
ease IS unknown. It has been di.ignoscd in a number of the New England 
and ad|oining states of the United States It has not been reported elsewhere. 

Character of the Disease. The disease usually makes its appearance in chicks 
when they are two or three weeks of age Van Rfieckel and associates say that 
they have observed cases in chicks upon their removal from the incubator 
within 24 to 48 hours after they were hatched, but such cases are certainly 
exceptional The first symptom noted is an ataxia or inco-ordination of the 
muscles of the legs. The symptom becomes more evident as the disease pro- 
gresses and finally the bird loses all control of its legs and cannot stand Be- 
fore this stage is reached the chicks are reluctant to move and may walk on 
their shanks The vibration of the head and neck muscles usually appears 
well after the ataxic symptoms h.ivc been observed 1 he tremor is periodic, 
continuing for varying lengths of time Finally the birds are unable to feed, 
become somnolent, and die In some cases the course of the disease is very 
rapid, somnolesccnce appearing wilhin a dav after the first symptoms were 
noted. The losses from the disease may be rather high; in excess of 50 per cent 
in some cases. 

Chicks dead of encephalomyelitis show no characteristic gross lesions Mi- 
croscopically, the islands of lymphatic tissue which, in birds, are scattered 
throughout the organs, show evidence of hyperplasia Since such lesions are 
found in other conditions in birds it is not clear that they are actually caused 
by the virus of this disease Characteristic lesions are found, however, in the 
central nervous system In the brain the most marked lesions are the excep- 
tionally well marked perivascular cuds, consisting principally of lymphocytes 
and a few monocytes. Neuron degeneration occurs but is most marked in the 
anterior horn of the cord, in the medulla and the pons, whereas the blood 
vessel cuffing is widespread In the degenerating neurons of the cord Olitsky 
speaks of brightly staining .acidophilic bodies of about the size of red blood 
cells embedded in the cytoplasm. He does not refer to them as inclusion bodies, 
however. 



DISEASES CHARACTESIZEO BY LESIONS Ot THE NEKVOUS SYSTEM 567 

Nature of the Virus. The virus 1$ present regularly in the nervous system of 
aifected chicks. It is sometimes present in other tissuesi according to Van 
Roeckel and associates, but Olitsky (4) was unable to find virus in the blood 
at any stage of the disease. Olitsky found that decimal dilutions of brain 
material from to"' to to'® were regularly infective, that io*‘ and 10"® infected 
most birds, and that io"“ infected OLcasionally when injected intracerebrally 
into young chicks Virus suspensions pass V and N Berkcfcld filters, and 
Seitz discs. Olitsky and B.niier (5) showed h) filtration through Gradocol 
membranes that the virus particle size was about 20 10 30 millimicrons in di- 
ameter. Virus IS preserved for at least 88 days by suspending brain material 
in 50 per cent glycerin Rapidly dried virus also has excellent keeping proper- 
ties. 

Thinking that this virus might be related to the virus of equine encepha- 
lomyelitis which was prevalent 111 the New England stales, Olitsky conducted 
a number of comparative tests which indicalcd that there was no relationship 
between them. The chick virus proved innocuous for mice, guinea pigs, and 
monkeys which arc susceptible to the hoise virus, lurihermore there was no 
cross immunization between the two viruses 

Transmission. The mode of transmission is unknown Inasmuch as the 
virus cannot be propagated in chick embryos it apix.ars that egg transmission 
does not occur 

Artificial Cultivation. Kliglcr and Oliisky ( 3) found that they could not 
obtain multiplication of the virus in chick cmbrytis in ihe shell, although they 
could readily infect newly hatched chicks This peculiar situation has not 
been explained Using minced chick embryos, and chick embryo brains sus- 
pended in Tyroilc’s solution they faded to tibiam increase of virus but when 
scrum was added to such cultures virus devclo()ineiii occurred. The concen- 
tration of virus in such cultures was low. 

Immunity. Clhicks which have recovered frtim die disease are resistant to 
reinoculation Older birds also art resistant but whether this is from antibody 
formation or from some other sort of mechanism is not known Neutralizing 
antibodies can be demonstrated 111 birds after recovery Since the disease de- 
velops in very young chicks which could not be immunized profitably even 
if such an agent were available, htilt effort has been made to develop it. 
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INFECTIOUS ENCEPHALOMYELITIS OF FOXES 
Synonym Epizootic Fox Encephalitis 

Fox encephalitis causes serious losses of red and silver foxes bred in cap- 
tivity The cauMtive agent 1$ a virus which may be found in various tissues 
of the diseased animals but occurs most regularly in the nervous system and 
It IS here that the principal lesions are found The virus affects dogs and wolves 
but It IS harmless for ferrets and mink The disease has long been confused 
with canine distemper whiclt affects foxes as well as dogs, but distemper virus 
IS highly pathogenic for ferrets and mink Furthermore, Green and co-workers 
have (viintcd out a number of res|iccts in which encephalitis virus differs from 
that of distemper It is now generally accepted that fox encephalitis virus is 
not related to that of canine distemper, even though the symptoms of the two 
diseases may often be quite similar The disease has been reported only from 
North America 

Character of the Disease. This disease was first described by Green (2) in 
1935 who attributed it to a b.icterium of the Salmonella group Later Green 
and co-workers were inclined to the belief that it was caused by a streptococ- 
cus but finally, in 1930 (7), they published evidence which indicated that the 
causative agent was a filterable virus 

The losses are seen principally on fur ranches but the disease also occurs 
among wild animals The losses mav amount to 15 or 20 per cent of the popu- 
lation of the ranch 7 he disease apjicars suddenly and the course in affected 
animals is very short Loss of appetite may be noted for a day or two before 
other symptoms appear In many cases animals are found dead without symp- 
toms having been observed Violent convulsions often initiate the symptoms 
These are followed bv a lethargic state in which the animal wanders about 
aimlessly and blindlv 1 his may he interrupted by other convulsions. Usually 
the affected animal dies within 48 hours or less of the time when the first 
symptom is seen Toward the entl various paralytic symptoms may be noted; 
paralysis of one leg, or of the hind quarters, or of the enure body. A terminal 
coma mav last for periods up to 34 hours At the onset of the disease a watery 
nasal discharge is common, and sometimes there is a similar discharge from 
the eyes The feces become soft and filled with mucus, sometimes there is a 
profuse diarrhea in which blood streaks are common 
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Gross lesions consist of hemorrhages in various parts of the body. These oc- 
cur as rather large extravasations in some cases, and are small or absent in 
others. Large hemorrhages into the brain or into the cord serve to explain the 
paralytic symptoms often seen m this disease. Large hemorrhages into the 
lungs sometimes occur. 

The most significant lesions are microscopic and are lcx.aied in the nervous 
system. In some cases there are myriads of small hemorrh.ages in the nerve 
substance and in the meninges; m other cases these are not numerous or are 
absent. Typical virus-type perivascular culling is a constant feature of the «lis- 
ease The cells are of the lymphoid tvpc for the most part but polymorphonu- 
clear leucocytes also occur in considerable numltc rs tircen. Kaiter, Shillingcr, 
and Hanson (5) have described intranmlear ukIusioh bodies which they tlaim 
are characteristic of this disease Tltcse occur princip.illv in the endothelial 
cells of the blood vessels of the brain and meninges but they arc also found 
in some cases in hepatic cells They arc founil in most cases but apparently not 
always. In artificial infections priuluced by introducing the virus into muscles, 
peritoneal cavity, and testicles, the IkkIics ,ip|Kar in the endothelial cells of 
the capillaries of the nervous svsictn emly When the virus is iiiireKluccd into 
the ventricles directly the bexiics arc found also in the c|X’ndymal tells lining 
the cavities These bodies always occur in the niiclt 1 of the alTectcd cells T hey 
stain readily with hematoxylin and cosin, t iking a j’lnk or purplish color. 
The affected nuclei show considerable swelling anil the 1 hromatic material 
generally becomes distributed around the nuclear m.irgms. 

Nature of the Virus. The virus of fox encephalitis re idily passes the Bcrke- 
feld N filter It may be isolated by animal inoculaiioii at .my time during the 
course of the disease and for several days after death if putrefaction is pre- 
vented by refrigeration It may be stored in 50 per cent neutral glycerin solu- 
tion for several years without great deterioration D.ita on particulate sixe of 
this virus IS lacking 

Artificial Cultivation. The cultivation of ibis virus ariificially has not been 
reported. 

Transmission. The means of naiural transmission of fox encephalitis is not 
certainly known Green, Zeiglrr, Dewey, and Shillingcr (8) found that the 
disease could be propagated experimentally by iiuKulaiion into the brain, by 
intramuscular or intraperitoneal in)cction, and by intranasal instillation. The 
virus usually was derived from nerve substance, but the spleen contained virus 
quite regularly, and the blotKl, sometimes Inoculation succeeded in about 80 
per cent of young foxes, much less often in older animals Occasionally entire 
litters were found to be resistant to inoculation 



THE VniTSES 


570 

Inunimity. Foxes which have recovered from this disease are highly immune 
to reinfection Green, Ziegler, Green, and Dewey (7) failed in their attempts 
to actively immunize foxes by inoculating them with mixtures of virus and 
immune sera. Animals treated in this manner did not develop the immediate 
disease that appeared in the controls but after about five weeks the disease 
appeared and destroyed the animals. It appeared that the virus had remained 
and became effective as soon as the passive immunity, conveyed by the im- 
mune serum, had worn off Experimental animals treated with virus attenu- 
ated with sodium ricinoleate were partially immunized The method was 
tried on more than 8,000 foxes in 1928, and the mortality from the disease was 
less than one half the normally expected during that season More recently an 
altered active virus has been used on a large scale with satisfactory results. 

Canine Infections with the Virus of Fox Encephalitis. Green and co-workers 
showed as early as 1927 that dogs could readily be infected with the virus of 
fox encephalitis The exjicrimental disease m dogs was described in some 
detail by Green and Shillinger (6) m 1954 and by Beckman and Torrey (i) 
in 1940. These findings have raised the question of how often canine infec- 
tions occur naturally The symptoms of fox encephalitis infection in dogs are 
similar to those of canine disiempei and can readily be confused with them 
Green (4) says that the disease in dogs is of short duration, lasting, as a rule, 
less than one week, and that the mortality in experimental dogs is greater 
than 50 per cent. The symptoms resemble those of acute distemper, beginning 
as a rule with coryza and ending with convulsions and lethargy Symptoms 
of chorea, so frcciucnt in dogs suffering from distemper, have not been seen 
in the fox encephalitis virus infections The microscopic lesions in the dog are 
similar to those in the fox Dugs which have been immuni/cd against the 
canine distemper virus and are insusceptible to additional injections are sus- 
ceptible to the fox virus, thus proving that llicre is no relationship between the 
two viruses 
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IMSEASES CHARACTiaiZEO BY LESIONS OF THE NERVOUS SYSTEM 
LOUPING ax OS SHEEP 

Synonym: Infectious cncephalomyebtis of sheep. 

Looping ili IS an encephalomyelitis of sheep which occurs in Scotland and 
the northern part of England It is not known to occur elsewhere It is a virus 
disease transmitted pi incipally by a tick, Ixodei nanus The disease can be 
transmitted to sheep and pigs by intracerebral inoculation, and a few human 
infections have occurred The disease gets its collocjuial name from the peculiar 
leaping gait shown by the ataxic animals. 

Character of the Disease. Looping ill has occurred for more than a century 
m certain districts in Scotland and the border countries of England, where it 
has caused enormous losses especially in the lambs and in imported animals. 
Sheep that have survived more than one year in these disiricis are generally 
immune 

The disease was shown to be iniKulable hy intracerebral iniection by Pool, 
Brownlee, and Wilson (7) in iqjo Grtig, Brosvnlee, Wilson, and Gordon 
(4) proved, the following vear, that the caiis.itivc agent was a Alterable 
virus 

After an incubation period varying from 6 10 18 da>s, the infected animal 
refuses to eat and shows a high temperature At this stage virus is present in 
the blood The temperaiure frequently falls .ind the animal appears belter 
but a second rise usually occurs .(bout the hfth day .ind at this time the nervous 
symptoms appear Consciousness usually is not greatly impaired. Ataxia, mus- 
cular inco ordination, and tremors appear and these arc usually followed by 
p.iralysis 

There are tsvo ilistinci phases in the course of the disease In the first there 
IS a rapid multiplication of virus in the blood and this corresponds to the 
period of initial fever The second phase begins at the time of the secondary 
tem[>crature rise, at about the fifth day ot symptoms, when the crrebro-spinal 
barrier is invaded and infection of the nervous system occurs At almut this 
time the virus disappears from the blood and the nervous symptoms liegin In 
some animals only the first stage of the disease occurs, in whith case they re- 
cover quickly and show no residual damage When the nervous system is in- 
vaded, the death rate is high and animals which recover often show perma- 
nent ncuro-muscular dam.igc The virus behaves, in many ways, like that of 
poliomyelitis in man 

There arc no gross lesions in animals dead of this disease. Microscopically 
evidences of a severe, diffuse, encephalomyelitis exist. Destruction of the 
Purkinje cells of the cerebellum is especially marked. Speafic inclusion bodies 
have not been demonstrated. 
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Nature of the Virus. The brain virus is readily filterable. According to El- 
ford and Galloway (i) who conducted ultrafiltration studies on it, the par- 
ticle site IS about 15 to 20 millimicrons Virus is preserved very well by glycerol, 
but in broth or saline solution it deteriorates very rapidly particularly if the 
suspension is dilute and the diluent somewhat acid. Alkaline broth preserves 
It very much better 

Pathogenicity for Experimental Animals. By intracerebral inoculation the 
disease may be transmitted to pigs, horses, monkeys, and white mice. Guinea 
pigs and rabbits are not susceptible Monkeys and mice can readily be in- 
fected by placing a few drops of brain virus in the nostrils, according to Gal- 
loway and Perdrau (2). In monkeys the virus tan spread directly to the central 
nervous system from the nasal mucous membrane without the blood becom- 
ing infective The incubation period in these cases varies from 13 to 22 days, 
averaging 17 days In the br.iin of infected mice, Hurst (5) found character- 
istic cytoplasmic inclusion bodies He could not find such bodies in the brains 
of monkeys, ,ind others have not found them in other animals While work- 
ing with the virus of looping iH imported into this country for purposes of 
study, three workers almost simultaneously developed illness of an influenzal 
nature, and after recovery showetl neutralizing antibodies for the louping ill 
virus in their bltxid The cases were described bv Rivers and Sehwcntker (9) 
who believe that they represent human infections 

Transmission. It had lung been thought that the castor bean tick, Ixodes 
ncinut, which is prevalent in the louping ill districts was instrumental in 
transmitting the infection This was proven by McLeod and Gordon (6) in 
l9p. The larval ticks, feeding on infected sheep, convey the infection to a 
new host when they next teed as nymphs, or if the tick becomes infected as a 
nymph, it eonveys the disease when it feeds on a new host as an adult The 
disease api>e.trs in the early summer, subsides during mid-summer, and reap- 
(icars in early fall These periods correspond to the periods of tick activity in 
the infected area 

Artificial Cultivation. Rivers and Ward (8) were successful in obtaining 
artificial cultures of this virus on a minced chick-embryo medium Success 
has been attained also on the chorio allantoic membrane of developing chick 
embryos. 

Immimity. Recovery from natural or artificial infections results always in 
a solid and enduring immunity According to Gordon (3) the subcutaneous 
iniection of a vaccine prepared from formalinized nerve tissue (brain and 
spinal cord) produces antibodies which will effectively protect young lambs 
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by neutralizing virus whi.ch reaches thctr blood and thus prevents invasion 
of the nervous system Such vaccines do not immunize the nervous system 
but this is not necessary if virus multiplication in the blood can be prevented. 

The disease can be controlled in another manner, that is, by a dtpptng 
routine which will destroy the ticks 
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PERIODIC OPHTHALMIA OF HORSES 
Synonym “Moon blindness” of horses. 

This disease causes serious losses among horses in m.'iny parts of the world. 
Since It leads finally to total blindness in many cases, the disease is more im- 
portant in racing and saddle horses than in ihe farm breeds where blindness 
IS not such a serious handicap Errington who examined more than 2axx) 
horses in the vicinity of Lexington, Kentucky, where fine horses are raised, 
found that 8 3 per cent showed evidence of the disc.ise 
According to Errington (j) the disease is essentially an inflammation tif 
the ins and cdiary body m us earlier stages, but as 11 progresses opacities of 
the cornea and lens develop and a destructive retinitis occurs Glaucoma fre- 
quently develops The disease tends to recur at intervals, that is, the acute 
symptoms associated with lacnmation and hypersensitivity to light. Each 
recurrence increases the permanent damage The disease is more frequent 
in some areas and on some farms than on others, but there is little evidence 
that the disease is directly contagious 

Most veterinarians who have had experience with disease feel that its causa- 
tion has not yet been established. The disease is included here because of the 
work of Woods and Chesney (2) who claim to have transmitted the disease 
to horses and to rabbits with bactenologicaily sterile filtrates of the exudate in 
the anterior chamber of affected eyes Confirmation of their work has not 
been reported. 
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SIONTANEOin VIRUS DISEASES OF THE NERVOUS SYSTEM OP EXPERIMENTAL 
ANIMALS 

No attempt will be made here to describe the spontaneous encephalitides 
which occur in animals commonly used for the isolation and study of viruses 
of man and animals. It is desired merely to call attention to the hict that such 
viruses exist and workers must be on their guard, when using such animals, 
not to confuse these diseases with ones which are believed to be in the material 
inoculated. Viruses causing spontaneous encephalitis have been found in 
rabbits, guinea pigs, and mice, and probably they occur occasionally in all 
species. These vu'uses often arc latent, or masked, and become evident only 
when inoculations containing foreign material act as a ltx;al irritant to the 
nerve tissue. Having been activated in this way, such viruses may then be 
passed readily from animal to animal in senes Romer (4) has described a 
virus of guinea pig paralysis, and Traub (5) demonstrated that the virus of 
lymphocytic chorio-meningitis may sometimes occur spontaneously in colo- 
nies of white mice. The virus of her[>es of man has been found occurring 
spontaneously in rabbit colonies When viruses arc recovered fiom experi- 
mental animals, it is important to make sure, either hy a study of the specific 
histological changes, the study of the action of the virus on other animal 
species, or by immunological procedures, th.at the virus is not one that oc- 
curred spontaneously in the experimental animal 
In the study of neurotropic viruses it sometimes happens that two or more 
viruses exist in the same material, or a virus may become contaminated with 
another which existed spontaneously in some animal through which the 
original material was passed While studying the etiology of St Louis en- 
cephalitis in man, Armstrong and Lillie (i) first encountered the virus which 
now IS known as that of lymphocytic chorio-mcningiiis. In another instance 
Dalldorf, Douglass, and Robinson (3) produced a nervous disease in monkeys 
by injecting them with canine distemper virus. This surprising discovery was 
explained later when Dalldorf (2) found that the distemper virus had been 
contaminated with the virus of lymphocytic chorio meningitis and that the 
symptoms were caused by the latter rather than by the virus of distemper. 
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CHAPTER XLIII 


VIRUS DISEASES CHARACTERIZED 
BY CATARRHAL OR GENERALIZED 
INFECTIONS 


CANINE DISTEMFEll 

Distemper is a world-wide disease of young dogs, highly contagious, and 
manifested by fever, acute catarrh of the respiratory mucous membrane, ca- 
tarrhal pneumonia, and sometimes by symptoms referable to damage of the 
central nervous system The causative agent is a virus, but many of the 
pathological changes and complications seen in naturally-txrcurring cases arc 
due to bacterial agents which are secondary invaders In addition to dogs, the 
disease occurs naturally in wolves, foxes, and mink Ferrets are exceedingly 
susceptible and have been much used in experimental work with the disease 
on this account Weasels, ermine, and martens are said to be susceptible to 
inoculation. Cats arc not susceptible, nor are other domestic animals and 
man 

Character of the Disease. Canine distemper is so contagious and so wide- 
spread that few dogs cscajjc the disease during the first year of life The dis 
case begins by lassitude and inappeicnee ftillowed shortly by high fever 
Catarrhal inflammation of the upper respiratory tract and of the coniunctiv.'il 
membranes appears early and the discharges soon become purulent The 
blood at this time is rich in virus, but later in the disease the virus content of 
the blood and organs is reduced and may wholly disappear The patchy, 
catarrhal pneumonia probably is initiated by the virus but is generally compli- 
cated by secondary bacterial invaders, especially streptococci and Brucella 
bronchtsepaca Animals which escape pneumonia usually recover within a 
week, and some cases are so abortive that the owner does not notice that the 
animal is sick Many which have pneumonia recover after several weeks. 
Digestive disturbances are common. Vomiting is usually seen, the vomit con- 
sisting of mucoid material which frequently is bile colored. Nervous symp- 
toms usually are present, even in the milder cases. In some cases the nervous 
symptoms are severe, consisting of muscular spasms, sometimes localized and 
sometimes generalized. Epileptiform seizures are common. The muscular 
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spasms may be followed by paralysis of groups of muscles, coma, and death. 
In other cases pralysis, or muscular spasms (chorea), persist after recovery 
from the acute symptoms and the animal must be destroyed. In the early 
stages of the disease leucopenia occurs but later leucocytosis usually appears. 

The autopsy findings depend on the course that the disease has taken 
Animals which die during the acute attack usually present reddened mucous 
membranes covered with muco-purulent exudate Muco-purulent plugs usu- 
ally can be expressed from the smaller bronchioles. The pneumonic process 
involves the anterior and lower lobes as a rule. These areas are reddish or 
brownish in color, and if the animal survives for some time, purulent f(x:i are 
frequently seen in the involved portions The gastric and iiiiestinjl mucous 
membranes are reddened and covered with miico-piirulent secretion The 
Peyer’s patches are swollen and sometimes ulcerated Parenchymatous degen- 
eration of the internal organs usually is seen The spleen may be normal or 
only slightly swollen 

Gross changes in the nervous system consist only of meningeal inflam- 
mation Microscopically, however, diffuse cnccphaleimyclitis of varying de- 
grees of seventy is seen Both grey and white matter arc involved. Perivascular 
infiltrations, proliferation of glial cells, IfKahzed infiltr.itiims of lymphticvies 
and monocytes, and degeneration of nerve cells in the more superficial parts 
of the cerebrum and of the Purkinje cells of the cerebellum are seen 

The Experimentol Disease in Dogs. Dunkin and Laidlaw (2) raised many 
dogs for experimental work in strict isolation so they were protected from the 
secondary bacterial cotitaminati<iii» which invariably complicate the disease 
picture under natural conditions When such animals were inoculated with 
distemper virus they found that the disease was much milder than that seen 
normally, and the mortality rate was com^>arallvcly low. The mcubaiiun 
period was remarkably constant Occasionally it was as short as three days 
and sometimes as long as six days, but m the vast majority ol cases the ani- 
mals sickened on the fourth day The disease picture was typical except that 
bronchitis and hroiicho-pneumoma never occurred 'I his proves that the pneu- 
monia which destroys many dogs under natural conditions is largely the 
result of bacterial complications. 

Natural Inf ection in Animals other than Dogs 

IN FERRETS. Fcrrcts are exceedingly sustepiibic to the virus of canine dis- 
temper (3) Natural outbreaks of the disease often occur and the mortality 
IS very nearly too per cent The disease transmits readily through the .iir. 
Dunkin and Laidlaw (3) found that they could not keep normal ferrets in 
the same building with those infected with virus, no matter how much care 



^ THE VIRUSES 

WM used to prevent the spread of the virus. They concluded that the virus was 

air4>orne. 

The tncuhation period is about ten days as a rule but may occasionally be 
one or two days shorter. A watery discharge from the eyes and the nose in- 
dicates the onset of the disease. This quickly becomes purulent and the eye- 
lids become swollen and pasted together. The chin becomes reddened and 
small vesicles form around the mouth where the hair meets the naked skin 
of the lips. The feet swell, the foot pads become red, and sometimes the skin 
of the abdomen reddens. On the third day the vesicles on the chin become 
pustules and the animal remains curled up in the cage, refusing all food. The 
ferret becomes weaker and generally dies on the fifth or sixth day Occasion- 
ally an animal lives longer, develops pneumonia or nervous symptoms but 
ultimately almost always dies 

IN FOxes In foxes the disease is similar to that in dogs It occurs in the fall, 
as a rule, after the young foxes are placed on tlie fur ranges and the mortality 
may be as high as 6o per cent The disease must be distinguished from fox 
encephalitis with which it may readily be confused and with which it may 
occur concurrently Green (5) states that ferrets are immune to the virus of 
fox encephalitis and thus distemper may be recognized by the inoculation of 
ferrets. He also points out that the inclusion bodies in the epithelial cells of 
the air passages, urinary bladder, and other epithelial surfaces will serve to 
distinguish distemper from encephalitis since inclusion bodies are not found 
in these cells in fox encephalitis 

Nature of the Virus. The nature of the causation of canine distemper long 
was a matter of dispute. As early as 1905 Carre (i) carried on studies which 
convinced him that a filterable virus was the essential cause and that the 
bacterial agents, held by others to be the cause, were only secondarily involved 
The question was finally settled through the work of Laidlaw and Dunkin in 
England who began work in 1913 on a rather elaborate basis with the financial 
support gathered by public subscription in a campaign fostered by a sports- 
man’s magazine called "Field ” The investigations carried on under the aus- 
pices of the “Field" Distemper Fund were continued from 1923 until about 
193a They not only proved that distemper was a virus disease, but intro- 
duced the use of ferrets as experimental animals, and developed several im- 
munizing procedures which have formed the basis of present methods of 
preventing the disease References to the reports of their work are given at 
the end of this discussion (2) (3) (8) (9) (10) (ii). 

Virus is found in the blood of affected dogs during the first several days of 
the disease; later it disappears The spleen during the early period is regularly 
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infective, and spleen material is frequently used as virus in experimental 
work, and for immunization, as will later be described. 

The virus is not readily filterable. It usually will pass the coarser diatoma- 
ceous earth filters but is retained by the finer clay filters. It is destioyed by 
heating at 58“ C for 20 minutes and is readily destroyed by drying, although 
if dried in a frozen state it may be kept for considerable periods of time un- 
impaired. 

Inclusion bodies occur in the v.ist majority of cases of canine distemper. 
These are located principally in the qsithelial cells of the respiratory tract, 
urinary tract, intestine, bile ducts, and salivary ducts. They may also be seen 
in liver cells, and in cells of the reticulo-cndothelial system of the spleen and 
lymph nodes. They are located for the most part in the cytoplasm but some 
are found intranuclearly They stain well with the ordinary hematoxylin-eosin 
stain and have a considerable resemblance to Negri bodies. They may be 
demonstrated in paraffin sections, or in smear preparations. Green and Evans 
(7) have described them and claim that distemper can readily be diagnosed 
by their recognition They suggest that smears be made from the mucosa of 
the urinary bladder where they are unusually numerous, and thus can easily 
be found and identified 

Artificial Cultivation. Plummer (17) h.is rejwrted partial success in culti- 
vating the virus of canine disiemjjcr on the chorio-allantoic membrane of 
developing chicks He w.is successful on two occasions in carrying the virus 
through SIX generations but each rime the strains died out later. Ferrets in- 
oculated with 5th and 6th geneutiuns developed typical distemper; those 
inoculated with tlie i iih failed to develop the disease Small whitish opacities 
were noted on the membrane so long as viable virus was present. These dis- 
appeared as virus activity disappeared 

Transmission. Virus is present in the exudate from the mucous membranes 
early in the course of the disease and transmission undoubtedly is through 
direct contact or bv droplet infection. Arthropod carriers have not been found 

Immunity. Animals which recover from an attack of canine distemper there- 
after are solidly immune for life. The virus of distemper is so widespread that 
practically all dogs, except a few that have led extremely sheltered lives out of 
contact with all other dogs, have had contact with it before they are one year 
old, and arc immune Puppies, born of immune mothers, apparently obtain 
an effective immunity from the mother but this is passive and disappears by 
the time the animal is six weeks old. Slanctz (19) found it impossible to infea 
such puppies with virus during the first month of life. Animah which had 
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been inoculated with virus when one and three weeks of age proved refrac* 
tory to large doses of virus when they were three months old. 

Artificial immunization to distemper is a matter of great interest to dog 
owners. Earlier efforts at immunization were based upon the idea that dis* 
temper was caused by Brucella bronchtseptica. Vaccines containing that 
organism, and serum containing antibodies for it, were rather extensively em- 
ployed in the United States between 1915 and 1930, and many strongly be- 
lieved that the course of the disease was favorably influenced by them As it 
has already been pointed out that the secondary bacterial infections in dis- 
temper do a great part of the damage, especially in the respiratory tract, it is 
reasonable to suppose that the bacterial immunizing products might affect 
the course of the disease in individual animals It is now clear, however, that 
they do nothing toward reducing the prevalence of the disease 

Artificial immunization to distemfier, using tissues containing virus, was 
first carried out by Puntoni (18) in Italy in 192^ and 1924. This work attracted 
little attention but furnished the basis upon which Laidlaw and Dunkin pre- 
pared their vaccine five years later The work of the latter attracted world- 
wide attention. Since about 19^0 nearly all prophylactic products have been 
made from the virus 

PASSIVE IMMUNIZATION’ The first to m.akc a virucidal antiserum for canine 
distemper was Lockhart, Ray, and Barbee (14) in 1925 These workers hyper- 
immunizcd immune dogs by in|ccttons of virus-blood removed from suscepti- 
ble dogs which had been miected with virus and were suffering a febrile 
reaction 

Laidlaw and Dunkin (ii) prepared an immune serum by hvperimmuniz- 
ing dogs which had recovered from an in)ection of virus about one month 
previously The hypenmmunization was accomplished by making two sub- 
cutaneous in)ections, on successive days, of 20 cc of a 10 per cent emulsion 
of spleen and lymph node tissue, removed from distemper affected dogs 
early in the course of the disease when the virus content of these organs is 
highest 

Distemper antiserum will protect susceptible dogs from the disease for a 
limited time It is used in most animal hospitals for protecting young canine 
patients, which may not have had distemper, from infection which they are 
likely, otherwise, to contract there. If the animal comes in contact with the 
virus while protected by the serum it may develop an active enduring im- 
munity Usually one 10 cc. dose of serum is enough to protect for a few days' 
stay in the hospital or at a dog show If the sojourn is prolonged another dose 
should be given about the tenth day. Smee active immunizauon of very young 
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dogs is not very satisfactory, immune scrum often is used to protect valuable 
animals until they are from three to four months old at which time the active 
immunization can be carried out This procedure is rather expensive but it is 
the only way known to protect young animals that are exposed to the disease. 
Puppies raised in comparative isolation usually are untreated until old enough 
for active immunization. 

As in all virus diseases specific biologic treatment after symptoms have ap- 
peared is not very satisfactory Some veterinarians regularly use antiserum at 
the rate of i cc per ptiund weight, repeated daily for several days, for treat- 
ment of early cases Late in the disease serum ireatmeiit probably is valueless. 
Some manufacturers immunize their serum-producing dogs with the bacteria 
commonly found as secondary invaders in distcmi>cr, claiming that the anti- 
serum therebv is useful in combating the secondary b.ittcrial invaders as, well 
as the virus. 

ACTIVE iMMUN’iZATiov It has already been saiil that Puntoni was the first to 
attempt active imnitiiiiz.uioii of dogs Using a virus obiained by inoculating 
dogs intraccrcbrally Puntoni (18) preiwred his vascint by treating the brain 
virus suspensions with formalin Lebailly (12), m 1927 announced that he 
had made an efficient vaccine from dog spleens by treating the siisi>ensions of 
spleen pulp with formalin. Laidlaw and Dunkin (id) announced their vac- 
cine in 1928 These authors found that vaccines .done could ntit be depended 
upon to give a sufficien'ly solid and Listing proicxtion, liciicc they adminis- 
tered their form.din-tre.ucd spleen virus, made from ftrrti spleens in the 
beginning but later from those of dogs and (ollowed this treatment in about 
14 days with a small dose of active virus in ihc form of dried ferret spleen. 
After the injection of ihc living virus the animal usually slunvs some fever, 
mappctcnce, and sometimes more marketl symptoms of lisiempcr about the 
fifth day but m most cases the symptoms art milfl This method of immuniza- 
tion has been extensively employetl and generally with excellent success, but 
not all reports are favorable Apparently one fault of this method of im- 
munization is that the dried virus dties not always remain viable and the 
treated animal thus docs not obtain the final reaction which results in the 
actively enduring immunity In other eases the virus reactions arc severe and 
the animal may even die from distemper. Some veterinarians regularly give 
two doses of the formalin-inactivated virus at 14 day intervals before giv- 
ing the active virus two weeks later Some give one dose of immune serum, 
followed hy one or two doses of vaccine at two week intervals. If the ani- 
mals arc exposed to active infection in the meantime, they usually will develop 
an active immunity. 
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The Lockhart (13) method of treatment makes use of immune serum and 
blood virus, without vaccine Dogs may be treated in several different ways; 
by injecting serum and virus simultaneously, by injecting a dose of serum fol- 
lowed by serum and virus two weeks later, or by injecting serum at two week 
intervals and placing the dog in the presence of active infection in the mean- 
time. 

Recently a different method of active immunization has been introduced. 
This method is described by Green, Carlson, and Swale (6), who claim that by 
passing canine distemper virus through a senes of ferrets they have obtained 
a strain which has been so modified as to have lost most of its virulence for 
dogs. Whereas this virus produced deaths from clinical distemper in 84 per 
cent of inoculated puppies originally, after the 53rd passage it caused deaths 
in only 8 per cent, and continued ferret passage has reduced this percentage 
still further Vaccination is accomplished by a single injection of dried, living 
virus. This method of immunization is frequently called the Fromm mcthtxl, 
from the name of the commercial company which has undertaken its manu- 
facture. 

iMMUNizvTioN or FOXES KSD FERRETS LaidUw and Dunkin (9) found it 
possible to immunize ferrets much more easily than dogs The first part of 
the treatment is the injection of 2 cc subcutaneously of a vaccine prepared 
from spleens of ferrets The sjileens are removed from the animals on the 
fourth or fifth day of illness, finely ground and made up into a 20 per cent 
suspension Formalin is added to a concentration of o i per cent The vac- 
cine IS ready to use after the fourth day when no active virus can be demon- 
strated One dose of this material usually renders ferrets strongly immune 
after a few davs The immunity is strengthened by the inoculation of a 
dose of virus two weeks after the administration of the vaccine Usually the 
animals show no reaction to the introduction of the virus and become per- 
manently and solidly immune thereafter. Pinkerton ( 16) reported satisfactory 
results in immunizing mink by the use of a tissue vaccine made from the 
lungs. At the beginning of an outbreak on a ranch some of the first animals 
were used for making vaccine for the remainder of the stock The finely pul- 
verized tissue was made up into a 10 per cent emulsion and treated with 0 3 
per cent formalin. Several injections were given consisting of 2 to 4 cc at 
weekly intervals 

For fox immunization the method of Lnidlaw and Dunkin may be used. 
eXt (1$) has reported success in using antiserum alone, this being given to 
all animals at the time the seasonal outbreak is expected, or has actually 
begun. Green and Carlson have reported the successful use of the mink- 
modified distemper virus of Green (4) for protecting foxes 
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FELINE INFECTIOUS ENTIRITIS 

Synonyms Feline distemper; Feline agraniiliKyiosis, Feline panleucnpcnia. 

This disease is highlv coiiLigious and ihe moriality rale is high It appar- 
ently occurs in many parts of the world, since it h.is been described from 
France, EiigLind, United Si.ites, (^iiiada, and India. A d'sease which may be 
the same but wliieh is manifested a liilic differently has been described by 
Seifried and Krembs (7) in Germany The disease destroys many per animals, 
especially of ihe finer breeds, and is a scourge in many eaiteries and in veter- 
inary hospitals In the latier the disease is most apt to occur in animals which 
have undergone surgical operations, and ficqucnily it is a safer pr^icedure to 
send the animal home immediately after the operation rather than to risk the 
danger of its contracting this disease during convalescence 
In the past the disease has been attnbuted to various bacterial agents but 
none of the bacteria which arc commonly found associated with this disease 
are capable of reproducing it A filterable virus was first identified as the causa- 
uve agent by Verge and Cnstoforoni (8) m 1928. The findings of the French 
workers were confirmed by Hindlc and Finlay (3) in England in 1933, and 
by Lcasurc, Lienhardt and Taberner (6) in this country in 1934. In 1938 
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Lawrence and Syverton (4) studied a disease spontaneously occurring in cats 
kept for laboratory purposes. The disease was manifested by symptoms which 
will be described below, but the most striking characteristic was the rapid 
disappearance of white blood corpuscles from the blood. It was shown to be 
caused by a virus. The following year Hammon and Enders (2) described 
the disease independently. It was they who gave the name panleucopenia to 
It, because of the almost total disappearance of all types of white corpuscles 
from the blood. There is no doubt that these workers were dealing with the 
disease known as infectious enteritis Prior to their work the disease had been 
well known but the severe leuco(renia had not been recognized 

Character of the Disease. The disease affects young cats especially, although 
older ones arc susceptible if they have not had previous contact with it The 
disease begins with loss of appetite and fever, which sometimes is very high 
and other times quite moderate The animal shows depression, lies in a corner, 
dislikes to he disturbed, and p.iys little attention to its surroundings The 
coat IS rough and frequently weight is lost rapidlv Most of the cases, but 
not all, develop a prtiftise diarrhea, the discharge often lieing blood-tinged. 
Vomiting IS common Some animals develop watery discharges from the nose 
and eyes 

The incubation period is relatively short 1 he temperature peak generally 
is reached on the $th to Sth day after exposure, and death usually txrcurs one 
or two days after the |icak Cals which live past the 9th day nearly always 
recover. The mortality generally is .ibout 65 per cent. 

The lesions are pr.actically confined to the intestinal tract and its associated 
lymph nodes The liver, kidneys, and spleen mas be somewhat swollen but 
often show nothing but the affect of the fever Rarely there may be some pneu- 
monia. The heart often is petcchiated The enteritis is not confined to any 
particular part of the intestine but usually the lesions are most severe in the 
ilcum The seventy vanes from simple congestion of the intestinal w’all to 
severe, hemorrhagic, pseudomembranous enteritis with necrosis of the mucosa. 

The blood reaclion in this disease is exceedingly interesting Lawrence, 
Syverton, Shaw, and Smith (5) divided their cases into two classes accord- 
ing to the manner in which the leucocytes disapiicarcd from the circulation 
under the influence of the virus In the first group the leucocytes gradually 
diminished from the time of exposure until the time of the temperature 
peak In the other, there was little change in the leucocyte count for five 
to seven days, then during the febrile reaction there was a precipitous drop. 
From a normal of about 15,000 leucocytes per cu mm the count usually 
dropped to 1,000 or less In some instances no leucocytes could be found in 
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the circulation; in about 20 per cent of the cases the count varied from 0 to 
200 per cu. mm. During this time there was only a slight fall in the red cell 
count and the hemoglobin diminished only slightly. The virus, it u evident, 
had a severely destructive effect upon the hemopoietic centers of the bone 
marrow and lymphatic organs. 

Both Lawrence and his collaborators (5), and Hammon and Enders (a) 
observed characteristic inclusion bodies in the epithelial cells of the intestinal 
mucosa and in certain cells of the spleen, Ivmph nodes, and bone marrow. 
These occur mtranuclcarly They are acidophilic and arc variable in sire and 
shape. The chromatin of mclusion<antaining nuclei ‘‘margmates," i.e., ar- 
ranges Itself around the periphery, creating the impression of a halo around 
the bodies The affected cells often become greatly hypertrophied. 

Nature of the Virus. V^rus is found in the hlood, ail vj« ular organs, nasal 
secretions, urine, and feces The virus is reach]} liltcr.ible, indicaimg that its 
particulate sire is not grc.it, however no studies on the si/e have b'-en re- 
ported The virus keeps fairly well in <50 per cent glycerin solution, but does 
not resist drying very well. 

The virus of feline enteritis, so far as is known, docs not affect any animals 
other than cats Hindle and Finlay h.ivc reported cases m members of the 
wild cat family but others h.ivc disputed this |)oiiii Dogs, rabbits, guinea pigs, 
ferrets, and mice are not susceptible No human infections have been recog- 
nized 

Artificial Cultivation. There are no reports of successful culiivaiion of this 
virus on ariiBcial media 

Transmission. Since all of the secretions and excretions of .affected animals 
contain virus, it is not surprising that the disease is highly contagious Ani- 
mals are infected either hy intimate contact with cases, or by contact with 
materials soiled with discharges 

Immunity. Cats which have recovered from an attack of this disease are im- 
mune thereafter for life Hindic and Finlay (^) conducted limited experi- 
ments in which It was indicated that the scrum of recovered animals had a 
protective effect ujwn susccpiihlc kittens. Lcasurc, Licnhardt, and Taberner 
(6) produced a hyperimmune scrum by giving multiple intections of virus 
to immune animals. The scrum gave complete protection to susceptible kit- 
tens when virus was in)ected smiultanwusly. They also attempted to pro- 
duce an heterologous immune serum by immunizing a mule with multiple 
virus injections This serum protected only partially; about one third of the 
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treated animals died when inoculated with virus. Enders and Hammon (1) 
also succeeded in producing a satisfactory immune serum by hypenmmuniz- 
ing cats. 

Leasure, Licnhardt, and Taberner prepared vaccine for active immunization 
from the brain, kidneys, and spleen of cats suffering from enteritis To a 10 
per cent tissue suspension they added oji per cent formalin After it had stood 
for three days, the virus appeared completely inactivated Doses of 2 cc were 
given to kittens, and in some instances the dose was repe.'ited after four days. 
Ten days later the immunized and control kittens were inoculated with virus 
All of the controls sickened and the vaccinated remained well. This work 
svas confirmed by Enders and Hammon (i), who used formolizcd spleen 
and liver emulsions as vaccine These workers observed that kittens from im- 
mune mothers received a fairly strong natal immunity By exposing these 
kittens to the disease before ihcv were two months old, they found that they 
did not sicken, and later it was shown that all were actively immune This, 
apparently, is what usually hap|icns in areas where this disease is enzootic. 
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HOG CHOLFBA 

Synonym Swine Fever (English) 

Hog cholera is an acute, highly contagious disease of swine characterized 
by degenerations in the walls of the smaller blood vessels which result in niul- 
liple hemorrhages, necrosis, and infarctions in the internal organs Affected 
animals are prone to suffer from the effects of bacterial agents which fre- 
quently accompany the virus, but these secondary agents arc not necessary 
for the production of the disease The cause of the disease is a filterable virus 
Hog cholera was first recognized as a separate disease entity by Salmon 
and Smtth (lo) in 1885 but it was erroneously believed to be caused by the 
bacterium which they called UuciUus cholerae sms, now known under the 
name Bacteniim choleraesut< or Bad smpestifcr The error was corrected in 
1903 when deSchweinitz and Dorset (4) proved that the disease was caused 
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by a virus, and that the “hog cholera bacillus'* played a secondary and non- 
essential role in the disease 

Hog cholera is a tremendously destructive disease which, despite fairly 
satisfactory immunization procedures, continues to cause large losses m the 
United States and most other parts of the world where swine are raised. The 
disease seems to have been first seen m the State of Ohio in 183) and from 
there spread to all parts of the United States through the shipment of stock. 
Its greatest prevalence in the United States is m the north-central stares, the 
so-called corn belt, svhere the greaust loiueniraiion of the swine population 
occurs. Cholera was not seen in England until 1802, and on the continent of 
Europe not until 1887. 

Character of the Disease. The bIcMKi, tissues, and all secretions and excretions 
of cholcra-affeeted pigs contain the virus of the disease The disease is highly 
contagious since every susceptible pig in a lot where infection .ipiicars soon 
shows evidence of the disease The incubation period is short, about five or 
SIX days, as a rule. The disease is fiist manifested by the appearance of fever 
(106° F or higher), lassitude, mappctencc, crowding together m the corner 
of the house or under .a hay stack, conslip.itjon followed by diarrhea, a muco- 
purulent exudate from the conjunctiva, and vomiting In white skinned pigs, 
a livid coloring of the skin is apt to apjiear, this being most marked on the 
abdomen Cutaneous hemorrhages may also rxrcur. If the course of the disease 
IS prolonged beyond one week, bacterial complications ma) occUr, these being 
manifested chiefly bv pneumonia and by ulcciativc cnteriiis Animals that die 
ss'ithin one week usually show lesions that arc largely of virus origin 

The pure virus disc.ise is besi seen in inrKulatcd aiiim,ils held under good 
hygienic conditions bever appc.irs in such animals on the third or fourth 
day coincident with the symptoms mentioned above By ihc sixth or seventh 
day the temperature generally has reached its peak, the animal is very sick 
and freqiienily dies a day or two later. If destroyed when the temperature 
peak IS reached, the lesions often arc very scanty but the virus content of the 
blood and tissues is at its highest point The lesions consist of hemorrhages, 
usually petechial, bene.ith the capsule of the kidneys and m the mucosa of the 
urinary bladder, the larynx and trachea, and sometimes in the serous mem- 
branes. Larger hemorrhages arc often found in the intestinal mucosa, in the 
lungs, under the epicardium, in the spleen, and especially in the cortex of the 
lymph nodes. These hemorrhages arc c,)uscd by rupture of capillaries and 
small arteries m which retrogressive changes regularly occur as a result of the 
action of the virus The endothelial cells of these vessels commonly show 
swelling and proliferation and many of them arc plugged with such cells. 
Degeneration of these cells then occur and the degenerative process extends 
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into other parts of the vessel walls. Many small vessels become degenerated, 
hyaline tubes which readily rupture. These changes have been minutely 
described by Seifned and Cain (12). Sometimes such hemorrhages are very 
few and one finds only swollen lymph nodes with reddened pulp, and noth- 
ing else. 

Lewis and Shope (H) called attention to a reaction in hog cholera which 
apparently had first been noted by Dmwiddie (5) as early as 1914. This is the 
precipitous fall in the number of circulating leucocytes in the blood — a severe 
leucqpenia. Within 48 hours after the inoculation of the hog cholera virus, 

the leucocytes which vary between 

14.000 and 24,000 per cu. mm. in 
normal pigs fall to a level below 

4.000 and sometimes no leucoytes 
can be found Leucopenia is a com- 
mon reaction to virus activity in ani- 
mals So far as is known, no other 
common disease of pigs exhibits 
this reaction Late in cholera, when 
secondary bacterial action plays a 
prominent part in the disease pic- 
ture, the leucopenia is replaced by a 
leucocytosis 

In the cases which run a longer 
course, one finds fibrinous pneu- 
monia, often with necrotic foci in the 
consolidated [xirtions and fibrino- 
purulent enteritis with ulceration of 
the mucosa In chronic cases the 
“button" ulcers of the intestinal mucosa may be found, especially in the 
region of the ilco-cccal valve These arc of varying size Because of the de- 
position of multiple layers of fibrin in concentric formation on the ulcerated 
areas, raised, button-like deposits are formed These ulcers are usually, if not 
always, caused by the activities of the hog cholera b.'icillus, usually in associa- 
tion with the necrosis bacillus {Actmom\ces necrophorus). 

Nervous symptoms occur quite commonly in hog cholera These may be 
manifested by grinding of the teeth, evidence of local paralyses, locomotor 
disturbances, and occasionally by lethargy and convulsions These are mani- 
festauons of an encephalomyelitis which apparently occurs in a large per- 
centage of all cases. Seifned (ii) found brain and cord changes in 33 out 
of 39 cases, although the animals in most cases had not manifested unusual 



Fio 135 Hog Cholera Shovving lesions 
of encephaliiis which commonly occurs in 
this disease Pern ascular cuftmg and mhltra- 
tions of miind cells into the nerve tissue are 
shown X 100 (Courtesy of S H McNutt ) 
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nervous symptoms. Macroscopically, hemorrhages are often found in the 
meninges and in the brain substance. Microscopically, besides the hemorrhages 
one finds the usual evidence of encephalomyelitis, 1. e., perivascular “cuffing” 
with lymphocytes, mononuclear, and a few plasma and eosinophilic cells. The 
glial cells show proliferation both diffusely and in the form of compact nodes. 
There is degeneration of nerve cells and some neuronophagta Inclusion 
bodies have not been found Changes of this type are found in some pigs 
very early in the disease and before recogni/ablc symptoms have occurred. 
They represent a true virus type of reaction 

Nature of the Virus. The virus of hog cholera is readily filterable through 
both Berkefeld and Pasteur filters Its partiiulntc si/e has licen csiimated as 
about 35 millimicrons It occurs in all organs, scLrctions, and excretions of the 
affected animal and is especially abundant at about the time the first tcmper.t- 
ture rise reaches its peak Very minute amounts of virus are cap.il)le of in- 
fecting swine which have not previously h.id coni.ict with it Young p'gs arc 
most susceptible but older animals are rc.idilv infected The virus is not 
infective for any known species of animal other than swine 
Hog cholera virus is readily destroyed by drying and for this reason infected 
premises usually become free of the infection wiihin a few d.iys afier infected 
animals have been removed In the fluid state the virus is quite resistant, espe- 
cially if kept cold Blood removed from pigs during the temperature reaction 
IS commonly used m the simultaneous trcairncnt for active immuni'Aition 
This material is partially protected .igainst b.'icierial action by the addition of 
05 per cent phenol which does not iiqurc the virus buch virus bltHxl will 
often retain full virulence for a month or more at room temiicraturc, although 
this should not be depended upon Chapin, Powick, McBrydc, and Ctilc (3) 
have shown that the virus is more st.ible in blood in svliiib the pH is kept at 
about 5 5 than when it is kept at its normal level of 70107 4, but the physical 
characters of the blood is changed at this pH level and i> becomes gelatinous 
and hence is not very desirable for animal inoculation. Virus is preserved 
for many months by admixture with glycerin if stored in the refrigerator. 

Artificial Cultivation. Ten Brocck (13) reported success in cultivating the 
virus of hog cholera artificially in 1941. Fresh minced testicular tissue from 
swine was suspended in Tyrode's solution, or it was spread on the chorio- 
allantoic membrane of developing chick embryos, or mtisi simply of all, it 
was spread on the surface of agar slants' containing sterile swine serum. In 
flasks the virus was passed through fourteen transfers, while on egg mem- 
brane It was grown for 13 transfers, followed by an equal number on slant 
agar, 26 in all. The final cultures were highly virulent for swine. They con- 
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tained at least as much virus per volume as fresh natural blood virus. Dilu- 
tions of I X io“® usually were infective for swine when injected in i cc. doses. 

Tnuismission. Hog cholera is transmitted principally by intimate contact 
with sick animals and directly or indirectly with fresh secretions and excre- 
tions. It IS not known precisely how the virus is passed from farm to farm in 
every case. Birds have been suspected of carrying virus on thei'r bodies, and 
undoubtedly virus may be carried on the shoes and clothing of persons and 
animals if they travel rather directly from infected to non-mfected premises. 
The disease may be carried to new premises by the careless handling of blood 
virus, which is used for immunization, or by the bottles which have contained 
such virus. In garbage-fed swine, the disease is often introduced by uncooked 
pork trimmings. 

Immunity. Animals which have recovered from an attack of hog cholera 
are solidly immune for the remainder of their lives Because of the high mor- 
tality rate in this disease this is an expensive way to obtain protection 
Young suckling pigs born of immune mothers are passively immune to this 
disease for about six weeks If they come in contact with the disease before the 
natal immunity disappears they develop an active immunity If this is not for- 
tified by contacts with virus from time to time, this immunity may wear off 
and the animals may contract the disease when exposed at any time after 
they are eight months old. Natural immunization undoubtedly occurs in the 
field in this way, but reliance on it is hazardous and is not to be recommended. 
Unless the herd of swine is small, is kept in very isolated quarters, and is not 
fed upon offal of any kind, the danger of serious losses from cholera is too 
great to make it profitable to attempt the keeping of susceptible pigs in areas 
where the disease exists. 

ARTIFICIAL IMMUNIZATION Scvcral mcthods have been developed for the im- 
munization of swine to cholera. Passive immunization is accomplished with 
a hyper-immune antiviral serum Active immunity can be conferred by the 
injection, simultaneously with the antiviral serum, of active virus Recently 
two vaccines have been developed, one by Boynton (i) and the other by 
McBryde and Cole (9). Although both have been used in the field they have 
had so little use that they must be regarded as experimental. 

ANTI-HOG CHOLERA SERUM. The valuc of an antiviral scrum was demonstrated 
by a group of workers connected with the Bureau of Animal Industry, of the 
U. S. Department of Agriculture. The first report was by Dorset, McBryde, 
and Niles (6) in 1908. The serum is prepared from pigs. These either have 
acquired immunity naturally or they arc first given virus with sufficient anti- 



Fio 136 The Production of Anti-Hog-Cholcra Scrum (i) “Hypcring ” Large quan- 
tities of highly virulent blood are injected into the car veins of immune pigs. (3) Prepar- 
ing the hypcrimmunized pigs for tail bleeding The animals are restrained in special 
crates which lift their feet off the floor Their tails are cleaned and shaved (3) Tail 
bleeding The tails of the pigs shown in the previous picture pass through small openings 
in the wall into the bleeding room. (4) Detail of the vacuum bleeding apparatus. After 
It has been thoroughly cleaned and dismfected, the end of the tail is amputated and the 
stump placed in a metal tube connected withjhc bleeding jar Suction created by the 
vacuum line seen at the nght of the picture hastens bleeding and tends to prevent clot- 
ting in the caudal arteries A flexible shaft operates an agitator in the blood jar which 
defibrinates the blood as it is drawn (5) “Bluing out " After the hypcrimmunized pig 
has been tail-bled a number of times it is finally bled out This is done by thrusting a large 
canula through t'e base of the neck into the large blood vessels at the base of the heart 
(6) Bottlmg the serum The large Unk is used for mixing the sera of many animals. 
(Courtesy of Pittman-Moore Co ) 
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serum, simultaneously, to protect them. The immune animals are then given 
fresh, dehbnnated blood taken at the height of the temperature reaction, from 
young pigs which have been infected with cholera. This blood is injected into 
one of the ear veins at the rate of 5 cc. per pound of body-weight. In about 
two weeks the pig is ready to be sacrificed for its blood serum, or blood may 
be taken from its tail at weekly intervals for three or four bleedings. It may 
then be given another dose of virus blood intravenously and again bled on 
several occasions at weekly intervals. The blood is drawn into sterile con- 
tainers with provision for defibrinating it as it is drawn. The defibrmated 
blood IS freed of cells by centrifugation, the serum is heated at 58° C. to ob- 
viate the possibility of its carrying the virus of foot and mouth disease, and it 
is then ready for use. Before it is sent out for use each lot of serum is tested for 
its ability to protect susceptible pigs against a test dose of virus. 

Anti-hog cholera serum usually is used as a prophylactic measure but large 
doses are sometimes used for its curative effect. If given very early in the 
course of the disease, pigs sometimes are saved When the symptoms are well 
developed the value of the animals saved by it usually will not ofiset the cost 
of the serum used. Its principal use is at the beginning of an outbreak to 
protect exposed animals that have not yet developed symptoms of the disease. 
For this purpose it is very efficient, but it has the disadvantage, of course, that 
the immunity is short-lived. 

THE SIMULTANEOUS TREATMENT The Simultaneous injection of serum and 
virus has long been used for actively immunizing pigs to cholera. The method 
was developed by Dorset and co-workers of the U S Bureau of Animal In- 
dustry. It consists in injecting the pigs with a small dose of virulent blood, 
subcutaneously, at one site and a dose of antiserum at another If the pigs are 
thrifty, kept under good conditions and are well fed the method usually is 
very successful. Four or five days after the inoculation the animals usually 
show a mild reaction, manifested by lack of appetite and some fever. This 
ordinarily passes off after a day or two and the pig thereafter is strongly and 
permanently immune. If the pigs are parasitized, or unthrifty for other rea- 
sons, or if they have been recently shipped, or subjected to surgical operations. 
It IS unsafe to administer the simultaneous treatment since many pigs will 
often develop cholera and die in spite of the antiserum which they have had. 
If the serum is lacking in potency, the same thing may happen in healthy 
pigs. These happenings arc called “serum breaks” since they represent failure 
of the serum to provide the expected protection Serum breaks arc always im- 
mediate. “Virus breaks” on the other hand are cases in which the pigs, some- 
time after receiving the simultaneous ueatment, develop cholera. These fail- 
ures occur when the virus lacks proper potency, since of course the pigs then 
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are only passively immunized. Both types of breaks occur occasionally. By 
means of such breaks hog cholera is perpetuated. The simultaneous method 
of immunization has given excellent service but it has many disadvantages 
which will mean its abandonment as soon as a safer method of active immu- 
nization has been discovered. 

THE BOYNTON VACCINE. The Boynton (i) vaccine was developed by using 
methods which the originator had used successfully in the Philippine Islands 
in developing a vaccine for rinderpest. It is a tissue vaccine prepared by finely 
grinding the spleen, lymph glands, and bone marrow of pigs destroyed while 
at the height of the febrile period of cholera, and treating the suspension with 
eucalyptol until the virus has been modified so it will no longer produce 
cholera. The exact method of manufacture has not been described Boynton, 
Woods, and Wood (2) have used this vaccine successfully on large numbers 
of pigs and have reported excellent success with it They claim that in gar- 
bage feeding establishments where immunization with the simultaneous 
method often is unsatisfactory, they have had excellent success. The vaccine 
IS not given when cholera exists on the premises until after all animals have 
previously been protected temporarily by a dose of antiserum. Full immunity 
develops in about three weeks Annual revaccination of all animals 1$ recom- 
mended. 

THE CRYSTAL-VIOLET VACCINE. This vaccine was described by McBryde and 
Cole (9) who give credit to Dorset for initiating the work on it. The pro- 
cedure followed in making the vaccine has differed a little from time to time. 
Generally about 90 parts of fresh, defibnnated virus blood is first mixed with 
10 parts of I per cent phenol solution and then 5 parts of a i per cent aqueous 
solution of crystal-violet 1$ added. The mixture 1$ shaken, then incubated at 
37° C for 14 days, shaking it a little each day It is then refrigerated until 
needed The vaccine is quite stable if kept cool. A single dose of vaccine is 
enough, ordinarily, to protect pigs against subcutaneous inoculations of 
virus given at any time after a 14 day interval during which the immunity is 
becoming established. Some irregulariues in the immunizing properties of 
the vaccine have been reported, and there is a question as to whether the 
immunity conferred is sufficiently durable to protect the pig for the remainder 
of his life. Edgington and Schalk (7) found that pigs were protected perfectly 
for about two months, but when virus was administered to a group from 75 
to 90 days after being treated with the crystal-violet vaccine, about half of 
them developed cholera, and one quarter of the lot died of the disease. 

PRACTICAL CONTROL OF HOG CHOLERA. Hog cholera IS reasonably well con- 
trolled in the United States through active immunization with serum and 
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virus. This method of control leaves much to be desired because the use of 
active virus has served to keep the disease alive, and the expense of constant 
immunization of such short-hved animals is very great. The question has been 
raised whether it would not be more satisfactory m the long run,'' and more 
economical as well, to prohibit the use of virus and to depend upon serum 
alone, as the Dominion of Canada has been doing for many years There 
would then be hope of eventually eradicaung the disease, a hope which cannot 
be entertained so long as present methods are used. The same result could 
be obtained, of course, if a practicable vaccine were developed for general use. 
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RINDERPEST 

Synonym’ Cattle Plague. 

Rinderpest is an acute, febrile disease of ruminants characterized by a rapid 
course and a high mortality rate. The disease is enzootic in parts of Asia and 
Africa and has spread on many occasions in the past, especially in times of 
war, to Europe where it has affected cattle, principally. The name by which 
It IS best known is of German origin and it means, literally, cattle plague 
because its devastating effect in Europe has been principally in cattle. The 
disease causes great losses in sheep and goats. In Asia the greatest losses are 
in the carabao or water buffalo, a common beast of burden. The cause is a 
filterable virus. 

Where rinderpest is enzootic the losses are serious but the greatest losses 
have occurred when the disease has invaded Europe where the cattle are 
highly susceptible. On some occasions in the past the disease has nearly com- 
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pletely destroyed the cattle population of Europe. The disease docs not exist 
in the western hemisphere at the present time. Only once, in 1921, did the 
disease obtain a foot-hold in the western world. At that time the disease ap- 
peared in Brazil where it probably had been imported in zebu cattle. This 
outbreak was quickly stamped out after less than 1,000 cattle had died from 
It and about 2,000 other exposed catdc had been slaughtered. Rinderpest un- 
doubtedly could do great damage in the range cattle of North and South 
America should it ever gain a substantial foothold. Veterinarians of these 
continents should constantly be vigilant with regard to it, since modern 
methods of swift travel by air have increased greatly the chances of its im- 
portation. 

Character of the Disease. The incubation period in naturally-acquired rin- 
derpest usually IS short — from 3 to 8 or 9 days as a rule, occasionally somewhat 
longer. Fever usually precedes other symptoms by one or two days. This 
often rises as high as 106° F The febrile period is short. At the onset of 
diarrhea the temperature falls to normal or below. During the latter part of 
the febrile period, nervous symptoms often occur because of a virus induced 
encephalitis. Usually there is stupor, the animals standing with ears drooped 
and the head resting on the manger Some animals show signs of excitement. 
The appetite is lost and constipation is apt to occur during the febrile period. 
The conjunctiva and nares are reddened, show petechial hemorrhages, and 
exude a muco-purulent secretion which dries into brownish crusts. The mu- 
cous membrane of the mouth is reddened and shows whitish spots which 
evolve into shallow erosions covered with fibrinous deposits. The diarrhea 
which develops after a few days is very profuse for a time, then becomes 
scanty. Tenesmus is common, the dark red rectal mucosa often being everted 
through the rectum. The animals become emaciated, weakened, and usually 
death results within a week or less after the first symptoms are seen. Milder 
cases are sometimes seen in the hardier cattle, and in calves shortly after wean- 
ing when they still retain some of the natal immunity derived from their im- 
mune mothers. The symptoms in these cases may subside after several days 
and the animals thereafter are immune. 

The principal lesions are found in the intestinal tract. The carcass shows 
great emaciation and dehydration. The lymph nodes are swollen, congested, 
and sometimes hemorrhagic. The splecQ'Usually is normal. There may be 
some areas of consolidation in the lungs. Microscopically there is evidence of 
capillary damage similar to that seen in hog cholera, and there are lesions 
characteristic of diffuse virus-type encephalomyelitis. The mucosa of the 
digestive tract from the mouth to the anus is reddened, swollen, covered with 
fibrmo-purulent exudate, and small, superficial erosions are common. 
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Natuie of the Virus. The virus of rinderpest occurs in the blood, all tissues, 
and all secretions and excretions. It is present m the blood and tissues in great- 
est concentration during the febrile period. Nicolle and Adil-Bey (9), who 
discovered the virus of rinderpest in 1902, succeeded in passing it through 
Berkefeld and porcelain filters The virus is not easily or regularly filterable, 
however. Daubney (3) claims, in fact, that rmderpiest virus contsuned in blood 
IS almost wholly contained in or attached to the leucocytes He found that the 
filtrates of diluted blood from Berkefeld or Seitz filters would not produce 
infection when as much as 25,000 minimum infective doses, based on the 
virus content of the unfiltered blood, were inoculated into cattle. Plasma sepa- 
rated from highly infectious blood by centrifugation was not infectious un- 
less large doses were used, whereas the sedimented cells were highly infec- 
tious. Finally by filtering the blood through non-absorbent cotton, which 
passes the erythrocytes but traps most of the leucocytes it was shown that most 
of the infectiousness of blood was removed Since it was not possible to wash 
the virus free from leucocyte suspensions Daubney was of the opinion that 
It was contained in these cells rather than merely attached to them. Similar 
observations were made by Hornby (4). 

Artificial Cultivation. Success in cultivaung the virus of rinderpest in artifi- 
cial media has not been reported Because of its similarity to the virus of hog 
cholera, it would be of interest to attempt its cultivation by the simple method 
employed by Ten Broeck for the latter. 

Transmission. Rinderpest can be transmitted to susceptible animals by feed- 
ing them with blood, urine, feces, nasal discharges, and perspiration. Natural 
transmission occurs by direct contact with diseased animals, or by the con- 
sumption of feed and water which has been contaminated by them. Virus is 
inactivated rather quickly (one or two days) in dried secretions, but in the 
presence of moisture it retains its activity somewhat longer. Boynton (2) 
found that virus could never be detected by placing susceptible animals in 
corrals which had contained infected animals longer than 36 hours previously, 
even when water was present and parts of the area were shaded from the 
sun. He concluded that rinderpest virus does not survive long in pastures 
after affected animals are removed from them. 

Immunity. Animals which survive an attack of rinderpest arc permanently 
immune thereafter. Methods of artificially immunizing animals both actively 
and passively are available. 

RINDERPEST ANTISERUM Scrum from animals which have recovered from 
rinderpest possesses considerable protective value for susceptible animals but 
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its value is greatly enhanced by hyper-immunization using the general method 
employed for the production of hog cholera antiserum. Such sera will protect 
animals for lO to 14 days. They are used on recently infected herds to treat 
animals that are m the incubation period of the disease, and for protection 
against transient infection such as occurs during shipping. Immune serum has 
little value for treating animals in which symptoms have appeared. 

SERUM AMD VIRUS IMMUNIZATION. A method of immunization comparable 
to the simultaneous method used in hog cholera has been extensively used for 
rinderpest in the past but has largely been abandoned in favor of better 
methods. Immunized animals usually shed the virus during the process, hence 
the method was permitted only in areas where the disease was indigenous. 
Also, heavy losses sometimes occurred as a result of the development of rinder- 
pest by the vaccinated animals 

Another disadvantage in the use of serum and virus is that in areas where 
rinderpest occurs other blood-borne diseases are common and may be trans- 
mitted by the blood virus Anaplasmosis, piroplasmosis, and trypanosomiasis 
may be transmitted in this way. 

BILE IMMUNIZATION. For many years bile of animals dead of rinderpest was 
used for protecting susceptible animals. The immunity was due to virus con- 
tained in the bile but apparently modified by the effect of the bile salts. The 
immunity was uncertain and rinderpest sometimes was produced by the treat- 
ment. The method has now been abandoned except as an emergency measure 
when other materials are not available 

TISSUE VACCINES There are a number of different types of vaccines made 
from tissues Most of them are made by destroying the virus with chemicals. 
Pfaff (10), who worked m Burma, developed a vaccine by passing rinderpest 
virus through goats The goat adapted virus, according to his claim, lost most 
of Its virulence for cattle, and dried spleen pulp from these animals sausfac- 
torily immunized cattle and carabao. 

Kakizaki, Nakanishi, and Ozumi (5) made a vaccine by treating spleen and 
lymphoid tissue pulp with glycerin, phenol, and eucalyptol. With this vaccine 
they successfully immunized thousands of cattle in Korea and Manchuria. 
Bennett (i) used a similar vaccine in the Sudan, in Africa, with excellent re- 
sults. This vaccine did not work so well 19 India, according to Edwards. 

Boynton (2) made a vaccine in the Philippines by treating organ pulp with 
phenol and glycerin. The mixture was heated in a water bath at 42° C. for 
three hours, then was kept in the refrigerator for several months until tests 
indicated that the virus had been destroyed. The vaccine then had to be used 
rather promptly since older vaccines did not imnjunize successfully. This vac- 
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cine gave excellent success, but its method of manufacture was tedious and 
the keeping qualities were poor. 

Kelser (6) prepared a vaccine by making a pulp of the spleen and lymphoid 
tissue of cattle, diluting the pulp with an equal quantity of saline solution 
and adding 0.75 pier cent of chloroform. The chloroform rapidly destroys the 
rinderpest virus. After 48 hours the vaccine is ready for use. Kelser, Young- 
berg and Topacio (7) used three doses given at weekly intervals Rodier (11) 
later found that a single but somewhat larger dose was satisfactory. Excellent 
results were reported from the use of this vaccine. 

A formolized spleen vaccine was developed and used by Daubney (3) in 
Africa. This vaccine also was used successfully by Keylock (8) in China. 
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AFRICAN HORSE SICKNESS 

Synonyms* Equine Plague; Pestis equorum. 

This disease occurs only on the African continent It is enzootic in parts of 
South Africa and has occurred in the central part of the continent. It affects 
horses, mules, and asses. It has been reported in zebras It has long been recog- 
nized as a devastating disease of horses kept on low-lying farms At times it 
has destroyed practically all horses in some of these areas The disease is not 
contagious, i. e., it does not spread from animal to animal. Apparently it is 
transmitted by blood-sucking insects. The cause is a filterable virus. 

Character of the Disease. The disease occurs only during the warm, rainy 
season in low-lying marshy districts. Within one week after frosts have oc- 
curred no new cases appear. The disease does not occur, as a rule, in animals 
that are kept in buildings at night. 

The incubation period usually is about 6 or 7 days, occasionally somewhat 
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longer. The disease is characterized by edematous swellings of the lymph 
nodes and subcutaneous tissues of various parts of the body, and edema of the 
lungs. The course of the disease is from one to two weeks and the mortahty 
rate is high, especially in horses imported from regions which are free of the 
disease. The symptoms of the disease are somewhat suggestive of anthrax but 
It IS easily differentiated from it by the absence of spleen swelling and of bacilli 
in the blood. Inclusion bodies have not been recognized in this disease. 

Nature of the Vims. That the disease was caused by a filterable virus was 
first shown by McFadyean (5) in 1900. It passes through both Berkefefd and 
porcelain filters. In the blood the virus is in or attached to the cells and cannot 
be washed from them Horses can readily be infected by the injection paren- 
tcrally of small amounts of blood, tissue emulsions, and bronchial secretions. 
The urine is infective only occasionally. By feeding, the disease can be pro- 
duced only by the administration of large amounts of virus The virus con- 
tained in blood IS remarkably resistant so long as drying is prevented. It with- 
stands phenol and glycerin unusually well. Blood stored in a refrigerator 
without preservatives will retain infectivity for many months. It may be 
stored still longer if the blood is preserved by the addition of glycerin. Blood 
virus may also be preserved for long periods by the addition of 3 per cent 
phenol. 

In addition to the animals which arc naturally susceptible, disease can be 
produced by inoculation in dogs, guinea pigs, and mice Man is not susceptible. 

Artificisd Cultivation. Successful cultivation of the virus of horse sickness in 
artificial media has not been reported. 

Transmission. Horse sickness is not direaly transmissible from animal to 
animal Affected animals placed in stables with susceptible horses do not 
cause outbreaks of the disease. Outbreaks occur in warm, damp weather, on 
swampy, low-lying farms, and only in horses which are pastured at night. 
These facts indicate that night-flying insects are the probable vectors but, 
surprisingly, the carrier agent has not been positively identified in spue of 
much work on the subject. Certain types of mosquitoes may harbor the virus 
for a time and it is thought that some of these insects are likely to be the 
carriers. Mules, asses, and dogs, which are not so susceptible to the disease 
as are horses, have been suggested as possible reservoirs of virus. 

Immunity. Animals which have recovered from horse sickness are not al- 
ways permanently immune to the disease. Immune mares convey a passive 
immunity to their colts which protects them until after they are weaned. Cases 
have been reported of animals having the disease a second time. These have 
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been explained by the finding that there are at least six immunologically dis- 
tinct types of virus and immunization against one type does not fully protect 
against another. Usually second attacks of the disease are mild. 

An immune scrum serves to provide passive protection from the disease 
for a limited time This scrum is made by hyperimmunizing recovered horses 
by transfusing them directly from horses in the febrile stage of horse sickness. 
To obtain a lasting immunity, horses formerly were given simultaneous in- 
jections of large doses of immune serum and small doses of virus. About 85 
per cent of such horses developed fever, in which case another dose of immune 
serum was given. A considerable number always developed severe disease 
and about a 4 per cent mortality was expected. The method has been aban- 
doned lately in favor of vaccines. 

duToit, Alexander, and Neitz (4) reported in 193^ on a vaccine for horse 
sickness made from formolized spleen pulp emulsion. Four doses were given, 
the first having been treated by formalin in a concentration of Mooo, the sec- 
ond in /^ooO) the third and fourth in ^^ooo and ’/4000, respectively The re- 
sults were generally satisfactory but the resulting immunity was not perma- 
nent. 

Alexander and duToit (2), Alexander (i), and Alexander, Neitz, and du- 
Toit (3) have reported very successful immunization of horses with a living 
vaccine made by modifying the virulence of the horse sickness virus by intra- 
cerebral passage through mice As the virus became adapted as a neurotropic 
strain for mice, its virulence for mice increased but that for horses decreased 
After It had been passed through more than too passages in mice, the virulence 
became fixed for this species, and was no longer capable of producing the dis- 
ease in horses Because of the several immunological types it was necessary to 
make fixed virus from each type, and the field vaccine is manufactured from 
a mixture of these types A single dose of too mouse-infecting doses of each 
type IS enough to give excellent protection. 
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RIFT VALLEY FEVER 

This disease takes its name from a geographic area in Kenya Colony, Brit- 
ish East Africa where the disease occurs principally in sheep, especially lambs. 
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but also in goats, cattle, and man. The disease in man has occurred in Eng- 
land and in America in laboratory workers who have studied the virus. The 
disease was first described by Daubney and Hudson (i) m 1931. 

Character of the Disease. The disease attacks young lambs especially, and 
the mortality may amount to 90 per cent of the lamb crop. In old ewes it is 
from 10 to 20 per cent. In cattle it is still lower and in man, negligible. Ewes 
which become infected before lambing time commonly abort. The disease 
appears not to be contagious but is spread by blood-sucking insects. 

In lambs the disease is characterized by high fever and prostration which 
leads to death in many cases in less than 24 hours In less acute cases there is 
a nasal discharge and a bloody diarrhea. In man the symptoms are similar to 
those of dengue fever violent headache, nausea, pains in the joints, fever of 
a transient character, and prostration Recovery occurs within a few days Only 
one fatal case has been reported. This occurred in a laboratory worker in New 
York whose case has been described by Schwentker and Rivers (5). The 
fatality was caused by complications with thrombophlebitis 

The chief lesion of the disease in iambs is a massive necrosis of the liver. 
In some cases the necrosis of liver cells is so complete that sections are hardly 
recognizable. In others there may be many foci of necrosis with fairly normal 
liver structure between them. Findlay (2) has described inclusion bodies of an 
intensely acidophilic character in the cytoplasm of the liver cells. 

Nature of the Virus. The virus of Rift Valley Fever is found in the blood 
and organs of affected animals. It is readily filterable through Berkefeld and 
porcelain filters The particulate size has been estimated as about 25 to 30 
millimicrons The disease can readily be induced in lambs by the injection 
of minute amounts of blood. The disease can readily be induced in mice, in 
which It IS highly fatal, and in ferrets and monkeys in which recovery usually 
occurs. Most human infections have occurred in persons who have conducted 
autopsies on sheep or laboratory animals. The exact mode of infection is not 
known. The lesions in laboratory animals consist principally of liver necrosis. 
The blood virus is fairly resistant. Blood preserved with 0 5 per cent phenol 
remains infective for six months when stored in the refrigerator. 

Artificial Cultivation. Mackenzie (4) reported success in culuvating this 
virus in a minced chick-embryo medium. It probably can be cultivated on 
the chono-allantoic membrane of developing chicks, but no reports on such 
experiments have been seen. 

Transmission. Daubney and Hudson (1) noted that the disease did not 
transmit from sick to healthy lambs that were kept together in the laboratory. 
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It is believed to be transmitted naturally by mosquitoes. Fraqds and Magill 
(3) believe that the disease may sometimes be transmitted through the le- 
spiratory tract. 

Immunity. Animals which recover from Rift Valley Fever have virus-neu- 
tralizing antibodies in their serum and are refractory to artificial inoculation 
for some months but the immunity is not enduring. No methods of artificial 
immunization have been worked out. 
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BLUE TONGUE OF SHEEP AND CATTLE 
Synonym* Catarrhal Fever of Sheep. 

This disease occurs in South Africa. In sheep the disease is malignant and 
sometimes causes large losses In cattle it usually is quite benign but is some- 
times mistaken for foot and mouth disease It is caused by a virus The disease 
occurs on low-lying swampy farms in sheep which are pastured at night It 
does not occur on farms on high lands or in sheep which are kept in buildings 
The disease is not directly contagious It is believed to be transmitted by blood- 
sucking insects but this has not been proven. 

Character of the Disease. The disease begins with fever and lassitude fol- 
lowed by a hemorrhagic inflammation of the buccal mucosa and especially 
of the tongue which becomes greatly swollen. Edema of the regions of the 
head and larynx regularly occurs Diarrhea and ulcerative keratitis are fre- 
quent symptoms. 

The lesions consist of those already described, also splenic hypertrophy and 
cloudy swelling of the principal organs. 

Nature of the Virus. Not much is known about the virus of this disease. It 
occurs in the blood and organs and filtrates from any of the internal organs 
will cause the disease. The disease may be transmitted to cattle from sheep, 
and from sheep to cattle. Goats are resistant. Human infections have not been 
reported. No information about the susceptibility of laboratory animals is 
available. 
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Transmission. Natural transmission of this disease is believed to be due to 
night-flying, blood-sucking insects but the transmitting agent has not been 
identified. 

Immunity. Animals which recover from this disease are permanently im- 
mune thereafter but their blood is said to contain virus for a considerable 
time after clinical recovery. Serum of recovered animals and small doses of 
virus blood have been successfully used for immunization. Theiler found that 
when the disease was passed through a series of sheep by blood inoculation, 
the virulence gradually decreased. He made use of such blood for immuniza- 
tion Recently Curasson has reported successful immunization of sheep with 
a vaccine consisting of infective spleen pulp rendered avirulent with formalin. 
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NAIROBI DISEASE OF SHEEP 

This disease occurs only in a small district in British East Africa. It affects 
sheep which each year are brought down from the northern districts into 
Nairobi to be offered for sale. It has been described by Montgomery (i). 

The disease is characterized by acute hemorrhagic gastro-enteritis. The 
mortality vanes from 30 to 70 per cent The causative agent is a virus which 
IS readily filterable. The blood and tissues are always infective during the 
temperature reaction. The urine is said to be infective at this stage, but the 
feces ordinarily contain no virus. 

The disease is transmuted by the adult forms of a tick, Rhifnccp/ialus ap~ 
pendtculatus, which have fed as nymphs upon infected sheep 
Recovered animals possess a lasting immunity. Artificial immunization has 
been attempted only on a small scale. Control depends upon eradication of 
the transmitting agent. This tick alK> transmits East Coast Fever of cattle, 
hence dipping of both sheep and cattle should be done, with benefit to both 
species. 
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SWINE INFLUENZA 
Synonym: Hog “flu.” 

Swine influenza is an acute disease of the respiratory organs which oc- 
curs m the colder months of the year. The onset of the disease is sudden and 
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practically all animals in an affected herd show symptoms almost simultane- 
ously. The symptoms are quite similar to those of epidemic influenza of 
man, and the virus of swine influenza is closely related to that of human in- 
fluenza. 

The disease was first recognized as an entity in the mid-western part of 
the United States in the fall of 1918 when a pandemic of human influenza 
was under way The similarity of the diseases in man and pigs was recog- 
nized. Koen IS credited by Dorset, Niles, and McBryde (2) as being the one 
who suggested the name “flu” or influenza for the disease, since he was con- 
vinced that It had been contracted from human cases. Much later, when the 
etiological agents of the two diseases were better understood, the concept that 
swine may have become infected from man, thus giving rise to a new disease 
in the species, became much more plausible than before Two immunologi- 
cally different viruses are now recognized as the causative agents of human 
influenza The virus of swine influenza is immunologically different from 
both of these, but the swine virus is more closely related to one of the human 
Viruses than the two human viruses are to each other Many adult human 
beings carry antibodies which neutralize, in part at least, the virus of swine 
influenza This has been regarded by some as evidence that these persons 
have been infected at some time in the past with the same type of virus that 
exists in pigs, but other explanations are possible Since the influenza viruses 
were not known at the time of the last great pandemic in man when the swine 
virus first appeared, it is not possible now to know whether the human virus 
of that outbreak was identical with either of the two viruses that now exist in 
man It is possible, of course, that the 1918 virus in man was identical with 
that now current in swine, or the virus may have been modified by long con- 
tinued residence in swine 

Character of the Disease. Swine influenza is a disease of autumn and early 
winter In many of the mid-western states where swine raising is an impor- 
tant industry, the disease assumes epizootic proportions each fall, beginning 
usually in October when cold weather arrives. Cases continue to develop dur- 
ing the winter months but the disease is wholly absent during the warm 
parts of the year. 

The disease usually appears suddenly in swine herds and whole herds com- 
monly develop symptoms almost simultaneously. The development of the 
disease in many animals at almost the same time has commonly been attrib- 
uted to an extreme degree of contagiousness, but Shope has put forward an- 
other conception very recently. This is that the disease-producing agent spreads 
widely without producing obvious disease and that a precipitating agent is 
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responsible for the simultaneous development of many cases. It was suggested 
that the precipitating agent in this case might be the advent of cold, wet 
weather with consequent chilling of the animals. 

The disease begins with fever, anorexia, extreme weakness, and prostra- 
tion. The animals crowd together, lying down, and arc moved only with 
difficulty. When moved or handled the animals exhibit evidence of muscular 
stiffness and pain. In uncomplicated cases the disease runs a short course vary- 
ing from 2 to 6 days, recovery occurring almost as suddenly as the disease 
began. Other cases develop edema of the lungs and broncho-pneumonia, and 
these usually die At the height of the disease the animals exhibit a 3erky type 
of respiration, caused by spasms of the diaphragm, which is commonly known 
as “thumps ” Bronchitis is indicated by coughing. When the animals are in 
good condition in the first place, and are kept during the course of the disease 
in a dry, fairly warm place, well bedded with straw, the principal loss from 
this disease usually is in the retardation of growth and weight loss which oc- 
curs. The mortality rate is low as a rule, generally amounting to not more 
than 4 per cent, but sometimes it may be as high as 10 per cent. 

Animals killed at the height of the disease exhibit no significant lesions 
outside of the chest cavity The lung lesions arc characteristic. They are lim- 
ited, as a rule, to the cephalic, cardiac, and azygos lobes. Sometimes all live 
of these lobes arc involved; sometunes only part of them Usually the involve- 
ment IS bilateral, but in some cases it is unilateral, the lobes of the right side 
being involved somewhat more often than those of the left. The involved por- 
tions are collapsed, deep purplish-red in color, and do not crepitate. They are 
not pneumonic The condition is an atelectasis caused by a thick, mucilaginous 
exudate in the bronchioles and bronchi of the parts. The remainder of the 
lungs IS usually pale because of interstitial emphysema The cervical, bron- 
chial, and mediastinal lymph nodes are swollen and filled with fluid. 

The spleen often is moderately enlarged. There is hyperemia of the mucosa 
of the stomach in most cases. The other abdominal organs generally are nor- 
mal. 

In the cases in which pneumonia occurs, the consolidated portions arc the 
same as are atelectatic in the milder ones The non-pneumonic lung portions 
in these cases are congested and edematous. 

Nature of the Virus. Shope (8) announced his discovery of the virus of 
swine influenza in 1931. Lewis and Shope (4) at the same time described a 
hemophilic bacillus {Hemophilus sms) which they found regularly in field 
cases of influenza The virus alone administered to normal pigs in an area 
where swine mfluenza did not exist, produced a very mild, almost symptom- 
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less disease which surely would be overlooked on the farm. The hemophilic 
bacillus on the other hand was virtually non-pathogenic for swine. When both 
agents were given simultaneously, however, typical mfluenza resulted. The 
disease, then, 1$ a result of the concurrent action of two agents, a virus and 
a bacterium. 

The virus of swine influenza is readily filterable Its particulate size has been 
estimated at about 120 millimicrons In affected pigs the virus is found in the 
nasal secretions, 10 the tracheal and bronchial exudate, in the lungs, and in 
the lymph glands draining the lungs. It is not ordinarily found in the blood, 
spleen, hver, kidneys, mesenteric lymph glands, and brain. [Orcutt and 
Shope (5)]. 

Andrewes, Laidlaw, and Smith (i) demonstrated that the virus of swine 
influenza was pathogenic for mice when introduced by a special technic into 
the nasal passages. When introduced by simple injection, “takes” are not or- 
dinarily achieved. The technic of the English workers consisted of partially 
etherizing the mice by placing them in a jar with a pledget of cotton soaked 
in ether. When consciousness is lost and the animals are breathing convul- 
sively, they are removed from the jar and their noses are immersed in the 
inoculating fluid. In this way fluid is aspirated into the smaller air passages, 
and this, apparently, 1$ what 1$ needed to bring about infection. Infections of 
the mice regularly occur The resulting pneumonia is caused by a pure virus 
infection, that is, the bacterial component is not needed in mice as it is m 
pigs. The disease can be transmitted indefinitely in mice by making emulsions 
of the pneumonic lungs and infecting other mice as described above. It is 
of interest to note that the virus of human influenza cannot be transmitted 
directly from the human being to mice but must first be adapted to ferrets. 
These viruses are harmless to mice when injected subcutaneously or intra- 
peritoneally. 

Mouse-passage virus retains its virulence for swine indefinitely. The viru- 
lence of the Hemophilus suis may decline, however, in which case new cul- 
tures are needed to supply the necessary bacterial factor for producing the 
swine disease. 

Artificisd Cultivation. Kobe and Fertig (3), and Scott (6) have reported the 
successful cultivation of the virus of swine influenza on the chorio-allantoic 
membrane of the developing duck. Scott reports that his cultures as far as 
the 50th generation were virulent for mice and swine, but that the 85th and 
later generations had lost their vuulencc. 

Tiansmission. Swine influenza is recognized as a highly contagious disease 
since it occurs in wide epizootics. Inasmuch as the nasal and bronchial secrc- 



DISEASES CHARACTERIZED BY GENERALIZED INFECTIONS ($0^ 

tions contain both the virus and the bacterial agent, it is from these that new 
infections arc produced. A single infected pig placed in a pen with susceptible 
animals will quickly cause infections of all. The hemophilic agent is carried 
by many apparently normal pigs, and such animals need only the virus to pre- 
cipitate the disease. 

The question of how the disease is maintained through the non-epizootic 
portions of the year when the disease is not seen possibly has been answered 
by Shope (13) who has demonstrated that the lungworm and the earthworm 
can harbor the virus for long periods of time. Lungworms, living m the bron- 
chi of affected pigs, ingest virus and the virus is carried through the eggs and 
into the larvae of the parasite. These, hatching out in the air passages of the 
pig, are coughed up and swallowed, eventually reaching the ground in the 
feces. Here they are ingested by earthworms in which the larvae lodge, most 
of them being found in the heart and calciferotis glands. They may remain 
in the worms from one season to the next. If the earthworms arc fed to swine, 
as was done by Shope, the pigs show no ill effects However, if the pigs are 
then given several intramuscular in|cctions of the H. sms about one half of 
them will suddenly develop typical swine influenza and both virus and bac- 
terium will be found m the lungs. Shope regards the injections of the bacte- 
rium merely as a precipitating or provoking agent, since he was able to pro- 
voke a similar effect in a few cases by injecting calcium chloride into the 
pleural cavity. He has repeated these experiments successfully many times in 
the late fall, winter, and spring months but never in the summer. He speaks 
of the virus in the earthworms as existing in a “masked” form. 

Immunity. The immunity in swine influenza is not enduring, since the same 
pigs often contract the disease several times during their comparatively short 
lifetime. Neutralizing antibodies are present in the blood for some weeks and 
the animals cannot be reinfected artificially during this time. 

Of the two components required to produce swine influenza, only the virus 
will effectively immunize. Shope (9) has shown that the filtrate disease (the 
mild, almost symptomless effect of virus without the organism) confers solid 
immunity to the complex of virus and organism. The organism, on the other 
hand, when used as vaccine is capable of modifying the course of the disease 
but will not prevent it (ii). Swine which have recovered from the effects of 
an injection of a mixture of human influenza virus and the H. sms are 
usually immune to swine influenza. Those which recover from the effects 
of the human influenza virus alone usually are not immune to swine influ- 
enza. Those which have recovered from swine influenza are refractory to the 
human virus. 

No practicable methods of immunizing pigs in the Held against this disease 
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have been developed and none are urgently needed because of the compara- 
tively low death rate. 
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“FERKELGRIPPE" 

Since the disease here considered has been reported only in German speak- 
ing countries it has only a German name The term means grippe of young 
pigs It is a disease quite similar in its manifestations to swine influenza except 
that It occurs generally in very young pigs, 1 e , those less than six weeks old. 
Occasional cases 111 older animals are very mild The loss in young pigs is 
very considerable, amounting to more than 50 per cent quite often Accord- 
ing to German authors the disease causes large losses in their country 
The disease is caused by a virus which is found only in the lungs and its 
lymph nodes, and in the upper air passages. It can readily be transmitted from 
animal to animal with these discharges or flitrates made from them. The fil- 
trates will also produce a disease in mice similar to that of influenza. The 
principal features of the disease have been described by Waldmann (2) and 
others Kobe and Fertig (i) found that both this virus and that of influenza 
could be cultivated on the membranes of the developing chick embryo. Alter 
a number of generations on chick embryos, the ferkelgnppe virus lost its viru- 
lence for pigs whereas the influenza virus did not Waldmann suggests that 
the ferkelgnppe virus may be a modified form of influenza virus. 
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EQUINE INFLUENZA 

Synonyms: Epizootic catarrhal fever; Shipping fever; Stable pneumonia; 

Pink eye. 

Influenza in horses is similar in its rapidity of spread, in symptoms and 
lesions to influenza in man and swine. The disease affects horses of all ages 
but occurs mostly in young animals which have been moved into new sur- 
roundings particularly where they come in contact with many other horses. 
The disease gives much trouble in sales’ and dealers’ stables, and in army re- 
mount stations In centers where fresh “green” horses are arriving from time 
to time, the newly arrived animals serve to keep the disease going, and in 
virulent form The disease occurs in farm horses but in such animals it usually 
is mild Like influenza of man, this disease has a history of great panzootics 
in which large areas are affected, nearly every horse in these areas falling vic- 
tim to the disease. The last one of this kind in the United States occurred in 
the winter of 1872-1873 At that time traflic in some of the large cities of the 
country was very nearly stopped because of the lack of horses able to draw 
the horse cars, drays, and delivery wagons Like human influenza, the horse 
disease occurs every year between the epizootic periods. 

Character of the Disease. The disease is highly contagious, practically every 
horse on the premises becoming infected whenever the disease appears. The 
mortality race is low, seldom being as high as 10 per cent and usually amount- 
ing to less than 4 per cent. The chief economic loss from the disease is the 
inability of the affected animals to work for a period of from one to three 
weeks and sometimes longer. 

The disease affects only horses, mules, and asses The onset is sudden and 
IS manifested by a high temperature — 106° F and higher The appetite is 
lost, and there is evidence of great depression. The fever continues high for 
three to six days and suddenly falls in uncomplicated cases There is great 
muscular weakness, tremors often occur, and sometimes paralytic signs ap- 
pear especially in the hind legs. The stuporous condiuon and the paralytic 
signs point toward a virus encephalitis, but no reports of brain examinations 
have been found 

Lachrymation and photophobia are always present and often the conjunc- 
tivae protrude because of inflitration of the tissues. A muco-purulent discharge 
usually occurs after a few days, the cornea often becomes clouded, and other 
inflammatory changes in the eye sometimes lead to blindness. Nasal catarrh 
is usually present and the lymph nodes of the head may become swollen and 
tender, but pneumonia occurs only in protracted cases. In some outbreaks 
edematous swellings of the subcutaneous tissue of the lower parts of the body 
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commonly occur. Inflammation of the tendon sheaths of the legs occur in 
some cases. Mild icterus is frequently seen Catarrhal and even hemorrhagic 
enteritis occurs in some cases and kidney damage is common. In the early 
stages of the disease leucopenia frequently occurs. 

Except in cases in which pneumonia, severe enteritis, nephritis, and heart 
damage occurs, recovery is rapid and uneventful 

Nature of the Virus. The virus of the disease occurs in the blood and all the 
tissues. Filtrates made from blood or tissue extracts readily produce the dis- 
ease when injected subcutaneously. The virus has not been studied extensively 
but It IS obvious that the particulate size is not large 
There have been numerous reports of the transmission of the disease by 
stallions used for breeding purposes months after having had the disease. 
Several reports of the demonstration of virus in the semen of such animals for 
periods varying from i to 6 years are m the European literature Schofield 
(5), in Canada, observed two outbreaks apparently initiated by breeding stal- 
lions which had had the disease some months previously. The examination 
of the semen of one of these animals six months later failed to show the pres- 
ence of virus. Infectivity of the blood several months after recovery also has 
been reported Blood virus, kept in the refrigerator, retains virulence for some 
months. 

Inoculation experiments on animals other than horses have been negative, 
but no reports have been seen in which there have been attempts made by mod- 
ern methods to induce adaptation of the virus to other animal species. 

Artificial Cultivation. There are no rejxirts of successful cultivation of the 
virus of equine influenza in artificial media. 

Immunity. Animals which have recovered from an attack of equine influ- 
enza are generally regarded as permanently immune, however Todd and 
Soutar (6) cite rather extensive experiments conducted in India with Army 
horses in which about 10 per cent of the animals proved susceptible to the dis- 
ease when exposed four years after recovery from the original outbreak. No 
practicable methods of artificially immunizing horses to this disease have 
been developed. 
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CONTAGIOUS PNEUMONU OF YOUNG CALVES 

Calf pneumonia in many large breeding herds is one of the most serious 
of the disease problems. The disease occurs in animals as old as six months 
but generally is seen in calves from ten days to four months of age. The dis- 
ease is not usually serious in small herds where the annual calf crop is small 
and many young calves are not kept in close association The larger estab- 
lishments usually maintain special calf barns where the young calves are kept 
together. These often are models of elaborate construction, but it is in such 
units that the disease usually takes its greatest toll The disease is highly con- 
tagious and the fresh calves that are being constantly brought into such units 
serve to add fresh fuel to the fire. 

It IS generally believed that there is a direct connection between calf pneu- 
monia and calf scours or diarrhea. The diarrheal disease usually precedes 
the pneumonia, since it usually is seen in animals from one or two days of 
age up to perhaps two or three weeks. The pneumonia may occur earlier but 
is most often seen in animals from three weeks to three or four months of 
age, that have been debilitated by the early enteritis Scours, however, occurs 
in calves that do not show pneumonia later, and pneumonia 1$ seen in ani- 
mals that did not suffer from scours. 

A miscellaneous group of organisms is commonly found in the lung tissue 
of calves dead of pneumonia. Streptococci, Corynebactertum pyogenes, and 
Pasteurella multoctda are the most frequent Since it has not been possible to 
reproduce the disease with the bacteria commonly found in the lungs, it has 
been assumed that they were secondary invaders. The fact that the disease 
transmitted so readily has caused many to believe that a respiratory tract virus 
was the initiating factor, but such a virus had not been demonstrated until 
very recently. Baker (i) in 194a, announced his discovery of a virus which, 
It seems likely, is the causative agent. 

Character of the Disease. The disease is seen at all times of the year but is 
most prevalent during the winter months when animals are kept closely 
crowded in weather-proof buildings la, which the ventilation often is very 
faulty. The disease is manifested by loss of appetite, high fever, unthriftmess, 
prostration, a scanty nasal discharge, and rapid breathing. The older the ani- 
mal and the stronger it is originally, the better will it withstand the disease, 
the longer will the course of the disease be, and the more likely it is to eventu- 
ally recover. The younger, weaker calves may die after a course of only a few 
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days; the larger, stronger animals may run a course of several weeks. If re- 
covery from the acute phase of the disease occurs, permanent unthriftiness 
often remains because of the damage to the lung tissue from the bacterial 
agents which invariably accompany the virus. 

The lesions are found most commonly in the anterior and ventral lobes. 
Usually the disease is bilateral. The pneumonic lung tissue is usually dark 
red, or dark red mottled with gray The affected tissue is firmer than nor- 
mal, IS not dry like hepatized tissue but is rather moist. Fibrinous exudate 
sometimes is found on the pleura but this is rather exceptional. Usually the 
pleura is smooth and glistening over the pneumonic areas The nonpneu- 
monic portions of the lung sometimes show emphysematous changes If the 
disease has been protracted, small abscesses commonly are found in the pneu- 
monic areas, and the bronchi arc filled with thick muco-purulent exudate. 
The pneumonic tissue in these cases is practically always mottled with gray- 
ish areas made up of large collections of neutrophilic leucocytes 

Nature of the Virus. Information about the virus of this disease is limited 
because only a preliminary report of his work has been issued by Baker. The 
virus readily passed a Bcrkefeld N filter The virus was recovered by intro- 
ducing calflung filtrates into the air passages of etherized white mice in the 
manner by which the influenza viruses of man and swine are recovered 

Pathogenicity. Baker found that a transmissible pneumonia of white mice 
could be produced by introducing calflung filtrates into their air passages. 
Filtrates of mouse lung virus readily produced disease in calves when it was 
introduced into their air passages, and on two occasions the disease was trans- 
mitted by pen contact from artificially inoculated calves to normal ones The 
disease, according to Baker, was typical in every way of that which naturally 
occurs 

Artificially inoculated calves developed fever in from two to four days and 
this lasted for three to five days, the peak usually being from 104° to 106° F. 
Diarrhea usually appeared the day after fever began, and symptoms of pneu- 
monia about the fifth day after inoculation The pneumonic symptoms usually 
were mild and the calves ordinarily recovered Destroyed animals exhibited 
evidence of catarrhal enteritis and pneumonic foci occurred in the ventral 
lobes of the lung Calves that had recovered from the disease were resistant 
to reinfection, and their serum developed neutralizing antibodies Neutraliz- 
ing antibodies for the mouse virus also developed in calves which suffered 
from the naturally occurring disease. 

Artificial Cultivation. No attempts to cultivate this virus on artificial media 
have been reported. 
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Tnmsinissioii. It is quite clear that natural transmission of this disease com- 
monly occurs through inhalation of infective droplets projected into the air of 
the calf quarters through coughing of affected animals. 

Immunity. It is clear, both from ordinary chnical experience and from 
Baker’s work that one attack of this disease confers immunity to reinfection. 

REFERENCE 

I. BAKER. Cornell Vet., 194a, ja, aoa. 

EQUINE CONTAGIOUS PLEURO-PNEUMONIA 
Synonym • Brustseuche 

The etiology of this disease has not been definitely proved but it seems likely 
that a virus is the primary agent It is clear that the principal damage is caused 
by Streptococcus eqiu, but this organism will not reproduce the essential fea- 
tures of the disease 

The disease has been confused with equine influenza, but it does not have 
the great contagiousness of the latter, the incubation period of artificially in- 
duced cases IS much longer, and virus can never be demonstrated in the blood 
or any part of the body other than the lungs and air passages. 

Character of the Disease. Contagious pleuro-pneumonia of horses is char- 
acterized as an acute febrile disease in which necrotic pneumonia regularly 
occurs accompanied in almost all cases by marked fibrinous pleuritis Accord- 
ing to McFadycan (3) the pneumonia begins in multiple centers in the lung 
but rapid coalescence of these foci forms large pneumonic areas which have 
the gross appearance but not the histology of croupous pneumonia The early 
lesions show the bronchi and air cells filled with neutrophilic leucocytes, a 
broncho-pneumonia. Softening of the consolidated tissue quickly occurs form- 
ing large masses of liquefied tissue, commonly called abscesses. The pneu- 
monia may be unilateral or bilateral 

It IS evident that some cases of this disease are abortive and the animals re- 
cover after a febrile period lasting for 2 or 3 days without developing pneu- 
monia. Such cases cannot be distinguished with certainty from influenza and 
other infections but they have been noted in large stables where frank cases 
of contagious pleuro-pneumonia were occurring. 

The mortality from this disease, when the cases are carefully nursed, varies 
from 5 to 15 per cent, but when good care is not given it may be much higher. 

The incubation period is relatively long, and for this reason it is often diffi- 
cult to trace the source of infection. GafFky and Liihrs (2), who studied the 
disease on an extensive scale in Germany, found that it varied from 18 to 39 
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days. In large stables, according to McFadyean, the disease, unlike influenza, 
docs not usually spread from horse to horse in adjoining stalls but is apt to 
appear erratically, first in one part of the stable and then in another, and there 
may be considerable periods between cases. 

Nature of the Virus. As has been said above, a virus has not been definitely 
identified from cases of this disease, however it seems fairly certain that there 
IS such an agent at work. 

Fit many years it was accepted by many that the etiological agent was an 
hemolytic streptococcus (Strep, equt). This conception was based largely upon 
the work of Schutz (4) who produced pneumonia simulating that of the 
natural disease by injecting cultures of streptococci directly into the lungs 
through the chest wall The disease produced by Schutz differed from true 
Brustseuche however, in that it did not prove contagious A study of the dis- 
ease was undertaken by Koch and Gaffky, but Koch died before they had 
progressed far and the work was continued by Gaffky (i) Little progress was 
made in reproducing the disease in a contagious form until Gaffky and Luhrs 
finally tried destroying affected animals during the first febrile reaction before 
definite pneumonia had occurred and using bronchial secretions as the inocu- 
lating agent. With such material smeared on the nostrils of susceptible horses, 
the disease was produced in a typical form m many horses. Since these secre- 
tions often were bacteriologically sterile, or nearly sterile, and seldom con- 
tained the streptococcus of Schutz, it has been concluded that the primary 
agent must be a virus Such, at least, were the conclusions of McFadyean 
who had had a large experience with the disease. The causative agent of the 
disease is never found in the blood or tissues other than those of the smaller 
air passages, and after the pneumonia has developed, bacteria, particularly the 
hemolytic streptococcus, are present in large numbers in the diseased tissue 
and the original agent, if it be a virus, can no longer be recognized. 

Transmission. Transmission is believed to occur by droplet infection, and, 
as has been pointed out above, to occur in the very early stages of the disease 
rather than after the pneumonic symptoms have appeared. 

Artificial Cultivation. There have been no reports of the artificial propaga- 
tion of a virus of this disease. 

Immunity. Animals which have recovered from the disease are immune for 
a considerable time thereafter, but how long is not known. Immune serum 
has been used but its value cannot easily be assessed. Vaccines made from the 
bacterial agents of the disease have also been extensively employed as pro- 
phylaaic agents with some success. In more recent years, neoarsphenamine 
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has proved very useful and it is said that in World War I, its use became rou- 
tine in the armies of all combatants, and that the disease was almost wholly 
suppressed by its use. 
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PSITTACOSIS 

Synonym Parrot Fever (of man). 

Psittacosis is regarded as a disease primarily of birds, especially of those be- 
longing to the parrot family (Pstttaadae), and secondarily of man. In recent 
years it has become obvious that the disease frequently occurs naturally in 
birds other than the psittacine group. Pinkerton and Swank (16) recently 
found the disease m the common pigeon, and unpublished reports indicate 
that the disease may be relatively common in this species Haagen and Maiier 
(7) identified the virus of psittacosis in a type of sca-lMrd, the Fulmar petrel, 
which IS used as food by the inhabitants of the Faroe Islands. Their suspicions 
were directed toward this bird through an outbreak of psittacosis which oc- 
curred in the human inhabitants of these islands. Java sparrows and reed 
birds (thrushes) contract the disease when naturally exposed. Infections in 
canaries have been recognized. By inoculation the disease may be transmitted 
to young chicks (but not older chickens), mice, guinea pigs, rabbits, and mon- 
keys. Mice are highly susceptible and are commonly used for diagnostic pur- 
poses, as was first suggested by Rivers and Berry (17) The disease in guinea 
pigs, rabbits, and monkeys frequently is not fatal. 

The disease has attracted wide attention from time to time because of epi- 
demics in man. During one of these outbreaks which occurred in Pans in 
1893, Nocard isolated a bacterium belonging to the Salmonella group which 
he regarded as the causative agent. It was commonly accepted until the pan- 
demic which occurred in Europe and the United States in the winter of 1929- 
1930, during which workers showed that Nocard’s organism was not com- 
monly present but that a virus regularly could be isolated. The Salmonella 
pstttacosts of Nocard is now looked upon as Salmonella typhimunum, a 
chance contaminant. 

The outbreak in man which occurred in 1929-1930 was traced to Green 
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Ama2Son parrots imported from South America where the disease has long 
been enzootic in these birds Restrictions on the importation of these birds 
into the United States became effective in 1934, but these measures have not 
served to eliminate the disease In a survey made in 1932, Meyer, Eddie, and 
Stevens (14) discovered that the disease was well established in Southern 
California in shell parakeets (love birds) These workers found that more 
ths^ 1,100 aviaries engaged in breeding of birds and containing more than 
100,000 birds existed as a “back yard industry” in that part of the country, and 
that nearly one-half of these were infected The existence of wide-spread 
pigeon infection in this country makes it evident that a permanent problem 
has to be faced Fortunately it appears that the virus of the pigeon infection 
IS not nearly so virulent for man as that which exists in the psittacine birds 

Chaiacter of the Disease 

m BIRDS. In the older birds of the pstuaetdae, the disease often is inapparent 
(13) Some of these birds eliminate no virus, or perhaps eliminate it only in- 
termittently, but the inoculation of susceptible animals with organ suspensions 
indicates that they carry virus which is fully virulent. The clinical manifesta- 
tions of psittacosis arc seen mainly in the younger birds and these are the prin- 
cipal spreaders of the virus The affected birds refuse food, their feathers be- 
come ruffled, and they become weak and emaciated before they die Such birds 
commonly suffer from a severe diarrhea, and they usually have nasal dis- 
charges. These discharges contain virus. Death frequently occurs after a few 
days, or after several weeks, but some individuals recover Fully recovered 
birds usually eliminate virus for long periods, and these birds often are the 
source of human infections 

The most conspicuous lesions in birds which have died from psittacosis are 
focal necrosis of the liver and spleen swelling A sterile fibrinous or purulent 
pericarditis is sometimes found, and petechiac often occur on the heart. The 
necrotic foci in the liver are small and numerous The spleen swelling is 
largely due to infiltration with monocytic cells. Occasionally necrotic foci 
occur m the spleen as well as in the liver. 

Numerous minute coccoid bodies may be regularly found intracellularly in 
the macrophages and endothelial cells of the spleen, in the epithelial cells of 
the intestine, bile ducts, and kidneys and in the Kupffer cells and hepatic cells 
of the liver. These will be discussed below. 

IN MAMMALS. In mammals the general characters of the disease are similar 
to those in birds except that an atypical pneumonia occurs. The pneumonia is 
lobar in extent but lobular in character. The affected lobes are mottled, show- 
ing both red and gray hepatization in the same lobules Fibrin, erythrocytes. 
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and leucocytes are present in the earlier stages but later these elements are re- 
placed by monocytes and desquamated epithelial cells. The alveolar epithe- 
lium undergoes fatty degeneration and often contains the tiny coccoid bodies 
mentioned above. In man there is swelling of the liver and spleen but focal 
necrosis is not so commonly seen as m birds. In mice, inoculated intraperi- 
toneally, focal necrosis of the liver is generally well marked. 

Nature of the Virus. That the disease could be produced by filtrates made 
from organs of diseased birds was shown by Krumwiede, McGrath, and Old- 
enbusch (8) in the United States and by Bedson, Western, and Simpson (4) 
in England, working independently, early in 1930 
The virus of psittacosis is filterable only through rather coarse filters. Mem- 
brane studies indicate that the particulate size of the virus is between 200 and 
300 millimicrons, a size sufficiently great that the elements should be visible 
microscopically Since it happens that the coccoid bodies found in the lesions 
of parrots, mice, and men, are of about this size, and since there is a geneial 
relation between the concentration of these bodies and virulence, it is gener- 
ally believed that they are actually the virus These bodies were found at about 
the same time and were described independently in 1950 by Lcvinthal (9) in 
Germany, by Coles (5) in England, and by Lillie (10) in the United States. 
They are generally known as L.C 1 -. bodies, the letters representing the ini- 
tials of the names of these workers Lillie at first regarded them as rickettsiae, 
but now they arc regarded as elementary bodies similar to the Borrel bodies 
of fowlpox and the Paschen bodies of smallpox These bodies sometimes are 
grouped in dense masses forming larger bodies which he inside affected cells 
and which correspond to the inclusion bodies of the other diseases More often 
they are seen as separate tiny bodies which stain bluish with the Giemsa stain, 
and may be stained differentially with a number of special staining methods. 
These bodies are diagnostic of psittacosis and arc helpful in diagnosis. They 
may be seen in sections, or more rapidly, in stained films 

Artificial Cultivation. The elementary bodies of psittacosis may be propa- 
gated rather easily by most of the methods which have succeeded in the cases 
of other viruses Yanamura and Meyer (20), who surveyed this matter in 1941, 
reported successful cultivation of the virus in tissue fragments suspended in 
fluids, in tissue fragments spread over the surface of an agar medium, and in 
the yolk sac of developing chick embryos when virus is introduced by a tech- 
nic developed by> Cox (6) for the propagation of rickettsiae. It will also de- 
velop on the chorio-allantoic membrane of the chick embryo. 

Transmission of the Disease. Natural infections of man apparently occur 
only by inhalation. Rivers and Schwentker (19) found that monkeys could 
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not be infected by fully virulent virus injected intravenously and intramuscu- 
larly, and later they used the same method tor immunizing a number of hu- 
man volunteer laboratory workers who were exposed to the risk of contract- 
ing the infection in the course of their work with this disease. 

A considerable number of laboratory workers have contracted psittacosis. 
Most of thes^ persons were handling infective material but in some cases in- 
fections occurred in persons who worked in the same buildmg but who had 
no contact with infected birds [See McCoy (12), and Badger (i)]. 

Diagnosis. The diagnosis of psittacosis often presents some difficulties. 
Rivers and Berry (17) called attention to the value of the white mouse for 
this purpose. Intraperitoneal injection of filtrates of human sputum, or of 
unfiltered sputum, in case organisms are not present winch kill the animals 
prematurely, usually kill these animals in from 5 to 14 days, occasionally as 
late as 30 days. If any of the mice sicken after the 4th or 5th day, they should 
be destroyed and examined for the characteristic focal necrosis of the liver 
Smears arc made from the liver tissue and a search is made for the elementary 
bodies of psittacosis. If the mice are still hving after 30 days, it is well at that 
time to inject them with known psittacosis virus to determine whether or 
not they may have developed immunity from an infection which did not be- 
come apparent. 

The method described apparently is efficient for detecting the disease in 
man or birds of the parrot family, but the pigeon virus usually does not kill 
mice or produce the liver lesions. Virus from these birds can usually be re- 
covered, however, by inoculating the mice intracerebrally instead of mtraperi- 
toneally. The pigeon virus is more highly virulent for pigeons than that from 
parrots. The parrot virus will, however, usually produce inapparcnt infections 
in pigeons (15). 

Immunity. It has been pointed out that after recovery from the active disease, 
birds usually harbor the virus for long periods of time. During this time they 
possess a marked resistance to reinfection as might be expected. The virus 
tends to remain in mammals also for considerable periods after clinical recov- 
ery, and It has been suggested that the immunity m this disease is always 
due to the harboring of latent infection. This has not been proved to be the 
case, however. 

Unlike many other virus diseases, neutralizing antibodies are not always 
demonstrable in animals immune to the virus and seldom are present in great 
concentration. Nevertheless, animals which have received virus intramuscu- 
larly without harm, cannot be infected by intratracheal inoculations which 
produce pneumonia in unprepared animals. Bedson (3) has shown that mice 



DtSEA^S CHARACTERIZED BY GENERALIZED INFECTIONS 619 

can be parbally immunized by the use of formalm mactivatcd virus. Anunals 
so treated could be infected but the disease was benign. 

Bedson (2} has carried on a series of studies on the immunology of psitta- 
cosis. He has shown that fixation of complement can be obtained using ex- 
tracts of the washed elementary bodies as antigen, and that these bodies can 
be agglutinated by immune serum. Also he has made extracts of these bodies 
which flocculate with immune serum but which do not fix complement. He 
concludes that the virus of psittacosis is a complex body; that it contains at 
least several different antigenic complexes. 

Although human beings can be immunized by parenteral injection of viru- 
lent virus, this method is not advocated for general use. No practicable meth- 
ods for general immunization of man or animals have been developed. 
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EQUINE INFECTIOUS ANEMIA 
Synonym: Swamp Fever. 

This IS a virus disease which occurs naturally only in members of the horse 
family. It is characterized by a great diversity of symptoms and an exceedingly 
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variable course. In the acute attacks there generally 1$ rapid destruction of 
blood corpuscles with resulting anemia, fever, and weakness. It is caused by 
a virus which is readily filterable and with which the disease can be produced 
by inoculation. 

Infectious anemia of horses has been recognized in practically all parts of 
the world where horses are raised The name “swamp fever” is derived from 
the fact that the disease is most frequent in animals pastured on low-lying 
areas, however Scott (7) says that the disease is sometimes seen in Wyoming 
on lands 9,000 feet above sea-level. 

The disease does not spread from farm to farm readily or quickly, but 
tends to occur enzootically on certain farms or areas. During periods of war 
when horses are assembled from many areas, the disease is likely to spread, 
and the return of such horses to civilian life is likely to set up many new foci. 
This IS said to have occurred following World War I in Germany. Great 
losses formerly occurred in many of the northern and western states of the 
Umted States but in recent years the disease appears not to be so common 
in these areas In the Mississippi delta region many mules are lost from it. 
In the eastern part of the country the disease is not often recognized on the 
farms but biological supply companies have encountered many cases in serum- 
producing horses in which, presumably, latent cases are caused to become 
active through provocation by the injections of antigenic substances Udall 
and Fitch (lo) recognized a focus of the disease in northern New York in 
1914 It IS evident that the disease is more widely spread in the United States 
than clinical reports would lead one to believe. 

The greater number of acute and subacute cases arc seen during the late 
summer and early fall months, a circumstance which fits in well with the idea 
that most initial infections occur from the bites of blood-sucking flies and 
mosquitoes. 

Character of the Disease. Infectious anemia may appear in an acute, sub- 
acute, or chronic form Many cases have been described in which horses 
have harbored the virus for periods upward of ten years, during which they 
have exhibited only mild recurrent symptoms, or perhaps no symptoms. 
Many of these cases eventually develop acute symptoms, as a result of provoca- 
tion the nature of which may or may not be recognized During the long 
latent periods the blood remains infectious as can be demonstrated by in- 
oculating other horses (6). Some authors believe that recovery from this dis- 
ease never occurs. 

The acute cases of infectious anemia vary in duration from several days to 
several weeks and the subacute may last two or three months. The more 
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acute forms may lead to death, or they may lapse into what appears to be 
recovery but which is actually only the chronic form. Such animals are apt 
to have recurrences of the acute symptoms at variable intervals during any 
of which death may occur. 

The symptoms of the periods of exacerbation are marked weakness and 
prostration, mental depression, a high continuous fever, slight icterus, pete- 
chial hemorrhages on the mucosa of the mouth and conjunctiva, edematous 
swellings of the limbs, rapid emaciauon, and rapidly developing anemia, A 
number of authors have reported cases in which the anemia was not marked, 
however these cases are the exceptions and not the rule 

The general lesions resemble those of a septicemia. Hemorrhages occur in 
most of the parenchymatous organs, the spleen generally is enlarged and 
softened, and its capsule is hemorrhagic. The lymph nodes of the abdominal 
cavity arc swollen and usually their peripheries are inEltrated with blood from 
hemorrhages in the organs which they drain. Hemorrhages occur on the 
serous membranes, and on the mucous membranes of the intestine The kid- 
neys and heart muscle show parenchymatous degeneration If the long bones 
are split lengthwise it will be seen that the yellow marrow has been replaced 
rather completely with red marrow, an indication of tremendous stimulation 
of hematopoiesis, an effort on the part of the blood forming tissue to com- 
pensate for the loss of erythrocytes from the circulation. In late stages of the 
acute disease there is great stimulation of the endothelial cells of the liver 
sinusoids, many of which are loaded with brownish, iron-containing pigment 
granules (hemosiderin) 

Nature of the Virus. The virus nature of the causative agent was determined 
by Carre and Vallce (i) in 1904, and has been amply confirmed by many 
others The blood is infectious in all stages of the disease, and filtrates of 
Bcrkefeld or porcelain filters arc about equally infectious. Virus is also found 
in washed blood cells, all parenchymatous organs, milk, urine, saliva, and 
feces. Studies on the particulate size of the virus have not been reported, but 
undoubtedly it is small. 

The persistence of the virus in the blood of chronically affected, apparently 
normal animals is astonishing. Schalk and Roderick (6) have published an 
account of one case which, after a number of acute attacks during .a period 
of three months following inoculation vyith infected blood, lived in apparent 
health for 14 years then suddenly developed acute symptoms and died. Dur- 
ing this apparently normal period 18 other horses were inoculated with his 
blood at intervals of about one year and all but one of these developed acute 
symptoms of infectious anemia. During the first three years after inoculation 
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there were occasional febrile periods but during the remainder of the time 
until the final illness there were only rare febrile periods which may or may 
not have been due to the infection. 

The virus of this disease may infect swine by inoculation. The disease may 
be fatal after a few days or weeks, but frequently the ammals appear to re- 
cover. The virus persists in recovered swine for several months and perhaps 
longer. The virus also multiplies in rabbits, chickens, and pigeons after in- 
oculation, and some German authors have claimed to have found virus in 
naturally infected birds on farms where horses were infected. Kobe (4) has 
reported recently that small pigs which have been splcnectomized are espe- 
cially suitable subjects for the inoculation disease 

The virus contained in blood is quite resistant to heat, chemicals, and putre- 
faction. Dried blood retains virulence for some months if protected from 
sunlight. Thin layers are quickly inactivated by sunlight and thus it is be- 
lieved that infected secretions, such as urine, will not usually remain virulent 
on pastures for long 

Transmission. Infectious anemia is believed to be spread principally through 
the agency of insects, particularly of blood-sucking flies Stomoxys calatrans, 
the common stable fly, is capable of transmitting the disease and perhaps is 
the principal agent. Scott (8), who studied the disease in Wyoming, believed 
that this fly was the principal agent concerned and in this the Japanese Com- 
mission (3) concurred. Luhrs (5), in Germany, believes that mosquitoes, 
particularly Anopheles macultpenms, are the chief offenders. Other blood- 
sucking flies, particularly Tabanids, probably are involved at times. Scott 
showed that infections in horses could be produced by a single prick with a 
hypodermic needle which had been infected by pricking an infected horse. 
This finding suggests that any type of insect which feeds first upon one ani- 
mal and then another at short intervals could carry the disease. 

There seems to be sufficient evidence to indicate that the disease may spread 
from one animal to another by simple contact without the intervention of 
insects Fulton (2) believed that he had produced cases by injecting horses 
with water from swampy areas in pastures where infected horses were kept, 
and there arc accounts of infections in horses kept within screened buildings 
with infected animals, all animals being watered out of common containers 
and all being fed from the floor so there would be ample opportunity for con- 
tamination of food and water with infectious secretions. Inasmuch as in- 
fections can be produced, somewhat irregularly, by feeding infectious mate- 
rial, It IS reasonable to believe that natural infections can occur more or less 
directly. 

Several authors have suggested that some of the round-worms parasitic in 
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horses, might play a part in the transmission of the disease. Stein, Lucker, 
Osteen, and Gouchenour (9) tested this hypothesis by injecting emulsions of 
washed parasites from animals suffering from infectious anemia. Of a number 
of such experiments they succeeded only once in obtaining an infection. In this 
case the infecting material consisted of an extract prepared from strongyles. 

Artificial Cultivation. There are no reports of successful cultivauon of the 
virus of equine infectious anemia in arbficial media. 

Diagnosis. Clinical diagnosis of this disease offers many difficulties. It is now 
well recognized that many apparently normal animals are virus carriers, and 
the only way that these can be detected with re.isonable certainty is by inocu- 
lation of their blood into other horses. This is expensive and in areas where 
the disease 1$ enzootic there is danger, of eourse, that the animal selected for 
inoculation already carries the infection and therefore will not react. If the 
horse selected is susceptible, the inoculation with blood will give rise to a 
febrile reaction which occurs at some time within a period of 12 to 90 days, 
usually between 15 and 30 days. During the febrile reaction there usually is 
a rapid decrease in the number of erythrocytes in the blood, a fall in hemo- 
globin, an increase in the sedimentation rate, and an increase in the globulins 
of the plasma, but none of these changes are invariable and therefore cannot 
be depended upon for diagnosis. 

The inoculation of swine, rabbits, and birds has been suggested as diag- 
nostic means but it is apparent that these measures arc not reliable. 

Immunity. Means of immunization against this disease have not been de- 
veloped. The control of the disease is an unsolved problem, especially because 
there are no means of accurately determining carrier animals which are foci 
of infection. 
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EQUINE VIRUS ABORTION 
Dimock and co-workers (2) (3) (4) in Kentucky believe that there is a 
form of epizootic abortion in mares caused by a virus. The belief 1$ based upon 
the facts that the disease manifests itself somewhat differently from the bac- 
terial abortion in this speaes, that no bacteria are to be found in the organs of 
the aborted fetuses, that the blood of the mare is negative to the agglutination 
test for Bact. abortwo-equinus infection, that immunization of the mares, 
which usually as quite successful against the bacterial abortions, does not pre- 
vent this disease, and finally that certain characteristic intranuclear inclusion 
bodies are found m cells of the liver and bronchial epithelium. Anderson and 
Goodpasture (i) have strengthened the case a great deal by demonstrating 
that new-born hamsters are susceptible to inoculation with the bacteriologi- 
cally sterile tissues of aborted fetuses and that in the tissues of these animals 
inclusion bodies identical with those of the equine fetuses can be identified. 
Goodpasture and Anderson (5) also have succeeded in cultivating the virus 
on human amnion which had been grafted to the chorio-allantoic membrane 
of the developing chick embryo. 

Character of the Disease. The virus abortion disease presents certain dif- 
ferences from that caused by bacteria The mare appears to suffer practically 
no injury; the genital tract returns to normal practically as soon as those of 
normal animals The fetuses show lesions which are not usually seen m bac- 
terial abortions. These consist of multiple minute areas of focal necrosis in 
the liver, hemorrhages in the heart muscle, spleen, and liver, and an excessive 
amount of fluid in the chest cavity Not all of these are found in every fetus 
The liver necrosis, however, is a rather constant finding. 

Nature of the Virus. The virus of this disease has not been extensively 
studied, hence little is known of its properties Dimock and Edwards (4) pro- 
duced abortions in pregnant mares by inoculating them intravenously with 
Berkefeld filtrates of infected fetal tissue. 

Pathogenicity for Experimental Animals. Dimock and Edwards (3) were 
not successful in causing infections of experimental animals, except possibly in 
the case of pregnant guinea pigs In several instances abortions were caused in 
this species by intrapentoneal injection of equine fetal material. The tissues of 
the aborted fetuses were bactenologically sterile and no lesions were found. 
These experiments were done before the inclusion bodies had been recognized, 
hence they may have been present in the guinea pig fetuses. Anderson and 
Goodpasture attempted to cause abortions in pregnant hamsters without suc- 
cess. It is possible that the inoculations were made too late in the period of 
pregnancy. They then inoculated new-born hamsters intrapericoneally with 
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equine fetal liver tissue. Three days later one of the htter of four was missing, 
on the 9th day two partially eaten bodies of the litter were found and on 
the 1 2th day the fourth member was missing. The hamster mother has the 
habit of eating her young when they die. Sections showed areas of focal ne- 
crosis in the livers and heart muscle and in these intranuclear inclusion bodies 
like those of equine fetuses were found. In later experiments similar results 
were obtained Apparently new-born hamsters usually die in from three to 
five days after inoculation with material containing this virus. The virus was 
maintained for three generations in new-born hamsters. 

Artificial Cultivation. Goodpasture and Anderson failed to obtain growth 
of the virus of this disease on the chorio-allantoic membrane of developing 
chick embryos, and they state that a personal communication from Dimock 
indicated that he had similarly failed They succeeded, however, in obtaining 
growth of the virus on human ammon which had been grafted on the chick 
membrane Here inclusions were found in some of the epithelial cells, necrosis 
of others occurred, and the infected areas were surrounded by zones of in- 
flammation As a result of this experience, the authors warn that it is probable 
that this virus is pathogenic for man. 

Inclusion Bodies. The inclusion bodies produced by this virus are always in- 
tranuclear. They are acidophilic and located near the center of the nucleus, 
the chromatic material of the nucleus being dispersed around the margins. 
Usually they are homogeneous but occasionally granular. These bodies are 
found most abundantly in liver celb near the margins of the areas of focal 
necrosis in the liver They also occur in the bronchial epithelium. In artificially 
infected hamsters they occur in liver cells and in heart muscle cells in the 
areas of focal necrosis. 

Transmission of the Disease. Nothing is known about the mode of transmis- 
sion of this disease. Lesions of the placenta have not been described, however 
It IS probable that they occur, and that the discharges of the abortmg mare'are 
infectious. 

Immunity. Dimock and his co-workers have been experimenting with for- 
malinized emulsions of infected fetal liver as a vaccine for preventing this 
disease. No conclusions have been drawn as to the cfhcacy of the method. 
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UAUGNANT CATARRHAL FEVER 

Synonym: Malignant Head Catarrh of Cattle. 

Malignant catarrhal fever affects cattle principally. In this country it has 
been diagnosed only in this species, but abroad it is said to affect buffalo, 
possibly sheep, and African wildebeest. In the latter, symptoms of disease do 
not occur but Mettam found that they earned virus and served as a reservoir 
of infection for cattle. It is probable that more than one disease entity is in- 
cluded under the name of this affection At least one form of the disease is 
caused by a filterable virus. 

Character of the Disease. The disease usually occurs during the spring and 
fall months. Most cases are sporadic but it sometimes occurs as a herd disease. 
On some farms it occurs year after year and causes severe losses. 

The disease is characterized by an initial febrile reaction The animal re- 
fuses food and water and is greatly depressed. Inflammation of the conjuncti- 
val and nasal mucous membranes appear early There is photophobia, lach- 
rymation, injection of the sclera, cloudiness, and even ulceration of the cornea. 
The nasal mucosa becomes deep red in color, edematous, and covered with a 
fibnno-purulent exudate. Ulceration of the nasal mucosa occurs, the breath 
becomes fetid, and there may be nasal hemorrhages A similar process occurs 
in the mucosa of the mouth and often of the pharynx. Breathing may be diffi- 
cult, and fibrino-purulent pneumonia may develop. 

Nervous symptoms develop early in most cases Usually these take the form 
of stupor but sometimes there is excitement. The animals grind their teeth, 
bellow, and may charge against walls, mangers, and other objects The ani- 
mals lose condition rapidly. Death ensues in most cases in from three to seven 
dajK. 

The lesions, except those that are referable to the general effects of fever, 
are largely those of the mucous membranes of the head described above. The 
dark red, swollen, glassy membranes of the nasal passages and sinuses are 
covered with shreds of fibrin and a dirty purulent secretion. Ulceration is 
often severe. Similar lesions frequently occur in the larynx, trachea, and larger 
bronchi, and there may be areas of broncho-pneumonia m the anterior lobes 
of the lung. The mucous membrane of the abomasum usually is inflamed 
and sometimes is ulcerated and fined with fibrinous exudate. Similar lesions 
may also occur in the intestine. The meninges often are congested and may 
show hemorrhages but the brain itself ordinarily is normal in appearance. 
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Histologically, however, there is a non-purulcnt diHuse encephalitis o£ the 
virus type. 

Nature of the Virus. The virus of malignant catarrhal fever is not readily 
filterable and some authors, Mettam (3) in South Africa for example, deny 
the filterability of the causative agent and yet believe it to be a virus. In blood 
the virus is closely attached to the blood corpuscles and cannot be washed off 
of them. Blood inoculation does not invariably produce the disease, in fact 
the German and French workers who have conducted inoculation experi- 
ments are in agreement that infections arc produced in not more than one 
half of the animals inoculated. It is not clear in the hterature whether blood 
for inoculation was taken from animals very early in the course of the disease, 
or later when the symptoms are more pronounced. Experience in recent years 
has shown that there are many virus diseases in which the filterable agent is 
present during the early, febrile period of the disease, and disappears by the 
time the symptoms are well developed This may be the case in this disease. 

Transmission. The mode of transmission of the disease is not known. At- 
tempts to transmit the disease with nasal and other secretions of affected ani- 
mals have failed, and the sporadic character of the disease makes it clear that 
direct transmission does not occur readily. Several German workers believe 
the disease is transmitted to cattle from sheep, the sheep not being chnically 
diseased, however it often occurs in cattle which have not been in contact with 
sheep, hence such a mode of transmission cannot be the sole one if it occurs 
at all. Mettam believed that the South African “snotziektc,” which is thought 
to be catarrhal fever, was transmitted to cattle from wildebeest, although the 
latter show no symptoms of this disease. Insect transmission is improbable 
because of the relatively low concentration of virus in the blood. It is possible, 
however, as has already been suggested, that larger concentrations occur very 
early in the course of the disease. 

Artificial Cultivation. The virus of this disease has not been propagated 
artificially. 

Immunity. Virtually nothing is known about immunity to malignant ca- 
tarrhal fever. No practicable methods of specific treatment have been de- 
veloped. 
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ram. plague 
Synonym* Fowl Pest. 

Fowl plague is an acute, highly fatal disease of chickens, turkeys, pheasants, 
and certain wild birds. Ducks, geese, and other waterfowl are less susceptible 
but develop the disease at tunes. Pigeons ordinarily are not susceptible, a point 
which is of importance in distinguishing fowl plague from Newcastle disease. 
The symptoms and lesions of fowl plague are similar to those of fowl cholera. 
It IS caused by a virus which occurs in the blood and all organs and is readily 
filterable. 

Fowl plague has been known since about 1880 when it was recognized in 
Italy as a separate disease entity. Early in the present century it spread 
throughout the greater part of Europe. The virus was brought into the United 
States illegally in 1923 by a laboratory worker. In the fall of 1924 the virus 
escaped from the laboratory into the New York poultry market where it has 
been estimated to have killed more than one-half million birds (4) From this 
market, it spread to a considerable number of eastern poultry farms, probably 
on contaminated crates of dealers, causing large losses. The disease was 
stamped out within one year by rigid quarantine methods 

The disease has been reported in oriental countries but it is probable that 
the diagnosis was confused with the pseudo-fowl plague or Newcastle disease 
which IS known to be prevalent there. 

Character of the Disease. The period of incubation is rather short — 3 to 5 
days as a rule Inoculated birds may show symptoms within 24-36 hours. A 
high temperature rapidly develops (110-112° F ), the appetite ts lost, and the 
birds rapidly become lethargic The comb and wattle commonly become 
bluish-black in color. A mucoid nasal discharge appears, and often edema of 
the head and neck develops. The course of the disease is very rapid, death usu- 
ally occurring within a few hours after the appearance of the first symptoms 
The temperature commonly falls to subnormal shortly before death. The 
mortality rate is close to too per cent. 

The lesions generally are not numerous. They consist of petechial hemor- 
rhages on the heart, on the fatty tissue around the gizzard, on the serosa of 
the body cavity, and on the mucous membranes of the proventriculus In 
some cases a sero-fibnnous exudate appears in the pericardial sac. The prin- 
cipal organs may show petechiae, and cloudy swelling. The nervous system 
appears normal but microscopic examination shows a diffuse encephalitis 
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with cuffing of the blood vessels, degeneration of nerve cells, and necrobc foci 
around which there is proliferation of glia cells. 

Nature of the Vims. The filterability of the causative agent of fowl plague 
was first demonstrated by Centanni and Savonuzzi (2) in 1902. The virus is 
present in the blood during all stages of the disease, in all organs and tissues, 
and in all secretions and excretions. The concentration in the blood is great 
since as little as 0 000,001 cc. will regularly infect by inoculation parenterally. 
The virus readily passes both Berkefeld and porcelain filters Elford and 
Todd (3) by ultra-filtration studies estimated its particulate size as between 
60 and 90 millimicrons. 

The virus is unusually resistant. Infective blood may be kept in the re- 
frigerator for many months, especially if it is mixed with glycerol. Dried 
blood or tissues remain virulent for a year or more in the refrigerator and 
for several weeks or months at room temperature if protected from sunlight. 

Artificial Cultivation. Burnet and Perry (i) were successful in cultivating 
the virus of fowl plague on the chorio-allantoic membrane of developing chick 
embryos. Plotz (5) cultivated the virus for more than 100 generations in this 
way and found that the virulence for chickens was not impaired. 

Transmission of the Disease. Transmission of the virus is believed to occur 
through ingestion since the disease can easily be produced by the feeding of 
infected materials. Infections may also occur through contamination of slight 
wounds or of the conjunctiva. External parasites (mites and lice) may also 
play a part. 

Immunity. Only a few birds recover from the disease. These birds are solidly 
immune for several months at least and possibly for life. 

The serum of recovered birds will give a considerable degree of immunity 
to susceptible fowls but since the immunity is short-lived and the amount of 
such scrum which can be obtained from immune birds is small, the method 
has no practical value. 

There is a rather large European literature on vaccines for fowl plague. 
Attempts have been made to produce vaccines from blood and from tissues. 
Treatment with heat, phemd, glycerol, ether, and formaldehyde will weaken 
and finally destroy the virus. Vaccines in which active virus exists are apt to 
produce the disease, and those in which the virus has been wholly mactivated 
have conferred litde immunity. Various authors have reported success with 
one or another of these vaccines but in the hands of others they have met with 
failure. The matter can be summed up by saying that no successful vaccines, 
useful on a large scale, have been developed. 
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NEWCASTLE DISEASE 
Synonym: Pseudo-plague of fowb. 

Thu disease was first recognized by Doyle (2) in England in 1926. The first 
diseased flock studied was in Newcastle-on-Tyne and for this reason it re- 
ceived the name by which it is best known. In later years the disease has been 
recognized in other parts of the world, particularly in the orient, where it 
causes great losses. It has spread widely in the Philippine Islands, according to 
Corotiel (i), since 1927 when it first appeared in Manila. The disease has been 
r^gnized in India, Java and Japan. Doyle and most other workers regard 
thu disease as a separate entity from fowl plague but Manninger (4) regards 
It merely as an attenuated type of plague. All who have worked with it admit 
that the disease is very similar to plague, in symptoms, lesions, and character 
of the causative agent. 

Some of the differences between the two diseases are pointed out by Doyle 
and they may be summarized as follows: 

1. In about 70 per cent of birds affected with Newcastle disease, respiration 
is of a gasping type through the half opened beak. This is not seen in plague. 

2. The period of incubauon in Newcastle disease is longer than in plague. 
In artificially inoculated birds it is about five days in the former and only 
24 to 48 hours in the latter. Furthermore the period of visible illness in the 
former is two to three days or longer, whereas m plague it is a matter of 
several hours at the most. 

3. The lesions m Newcastle disease are even less marked than in plague. The 
petechial hemorrhages may occur, but usually they are few in number and 
often are wholly absent. A sero-fibnnous exudate is found, in many cases 
of plague, in the pericardial sac and sometimes in the body cavity. This is 
never found m Newcastle disease. 

4. There is marked difference m the virus potency of the blood in the two 
diseases. Whereas that of pbgue is always highly virulent, as httle as 
ojooojooi cc. of defibrinated blood being regularly infective when injected 
subcuuneously into fowb, in Newcastle disease the highest potency en- 
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countered was 0.000^4 cc. and often blood rennoved at the height of the 
disease has failed to infect when inoculated in much larger doses. 


5. Healthy birds placed in a cage with a plague-infected bird do not ordinarily 
contract plague from it. Healthy birds placed in contact with a bird infected 
with Newcastle disease invariably develop the disease. Also, birds placed 
in cages in which Newcastle disease has occurred within 48 hours usually 
contract the disease, whereas they seldom do under the same circumstances 
when the disease is plague. 

6. Finally, and most convincingly, there is no cross immunization between 
the two diseases. Only a few birds recover from cither of these diseases, but 
those that do are immune to the same disease but not to the other. 


It has already been pointed out that fowl plague is not ordinarily transmis- 
sible to pigeons (except very young birds) and that Newcastle disease is regu- 
larly infective for this species. 

In spite of the differences indicated, it seems most likely that Newcastle 
disease is produced by a virus which is a variant from the fowl plague virus, 
a variant which is less pathogenic for chickens. Manninger (4) in Austria, and 
Nakamura, Oyama, and Wagatsuma (5) in Japan claim to have succeeded m 
altering the Newcasde disease virus by passage through fowls so that its 
pathogeniaty was greatly mereased, that virus was regularly present in the 
blood in great concentration, and chat immunological differences from plague 
virus largely disappeared. 
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AVIAN INFECTIOUS LARYNGOTRACHEITIS 
A variety of diseases of the respiratory tract of birds were, until a few years 
ago, grouped together under the name of “roup.” The,se have been differen- 
tiated during recent years into nutritional, bacterial, parasitic, and virus dis- 
orders. Infectious laryngotracheitis was shown to be a specific virus disease 
by Beach (i) in 1930. First recognized in the United States it is now Icnown 
to exist in nearly all parts of the world where poultry are kept. The disease 
affects chickens and occasionally pheasants. Other types of birds are wholly 
immune. 
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Chaiacter of the Disease. Infectious kryngotrachcitis affects chickens of all 
ages. It IS highly contagious and when it enters a susceptible flock the disease 
does not stop until practically every bud has been attacked. Infection occurs 
through the respiratory tract. The incubation period is short, less than 48 
hours as a rule. The course of the disease is acute, some birds dying within 
24 hours of the time the infection is first detected, others running a course as 
long as 5 or 6 days. Birds which do not die during the first 5 days of symp- 
toms practically always recover Recovery generally is rapid. Although no 

single bird will show evidence of 
disease for as long as a week the 
disease may require three or four 
weeks to run through a flock. An 
important fact is that a considerable 
number of recovered birds continue 
to harbor the virus and such birds 
usually act as centers of new infec- 
tions when transferred to new flocks, 
or when new birds arc added, per- 
haps a season or more later [Gibbs 
( 9 )]- 

The symptoms depend upon the 
age of the birds and the season of 
the year. Young birds during the 
warm months usually are less se- 
verely affected and the mortality rate 
is lower than in older birds during 
cold weather Affected birds show respiratory embarrassment varying in de- 
gree. In severe cases the chickens extend their heads, open their mouths, and 
inhale in a gasping manner. Gurgling and rattling sounds are often heard. 
Someumes it is best described as whisthng. These sounds are due to partial 
obstruction of the air passages by exudate. Not all birds show respiratory em- 
barrassment, since the exudate sometimes is in the nasal passages, or nasal 
sinuses. In mature birds in heavy production the mortality rate may be as 
high as yo per cent. Death appears to be due largely to suffocation. 

The lesions are confined to the larynx, trachea, and bronchi. These are red 
dened, petechiated, and covered with a slimy exudate containing streaks of 
bright ted blood. Sometimes the exudate is of a caseous nature, and plugs of 
such matenal may wholly block the trachea. 

Nature of the Virus. Beach (i) who first identified the virus of this disease 
found that it could be filtered readily through Berkefeld V filters but not in 
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every case through Berkefeld N filters. Gibbs (8) estimated the size of the 
virus elements as between 45 and 85 millimicrons. The virus is present only 
in the air passages and is infective only by introduction in this way, except that 
rarely infections can be established by intravenous inoculation. Injections sub- 
cutaneously, intramuscularly, and intraperitoneally are harmless. 

The virus is moderately resistant Premises do not retain effective quantities 
of virus for long after infected and carrier birds are removed, however. Beau* 
dettc and Hudson (4) reported that egg-propagated virus, when dried and 
kept in a refrigerator, retained its potency and immunizing properties for 421 
days. 

Artificial Cultivation. The virus of infectious laryngotracheitis was culti- 
vated on the chorio-aliantoic membrane of developing chick embryos by 
Burnet (5) in 1934, by Brandly (7), and many others shortly afterwards. The 
virus produces whitish plaques on the membrane. Two kinds of plaques have 
been described but immunologically the viruses appear to be identical. Diluted 
viruses, according to Burnet (6), can be roughly assayed for virulence by 
counting the number of plaques produced per volume of virus. 

Transmission of the Disease. The disease is transmitted naturally through 
droplet infection. 

Diagnosis. Ordinarily after the disease is well under way in a flock the diag- 
nosis IS easy on the basis of symptoms and lesions. In individual birds it may 
not be so simple If the question is sufficiently important to warrant the trouble 
the answer can be obtained by swabbing the larynx of one or two susceptible 
birds. These birds should develop symptoms sometime between 2 and 5 days 
later if the disease is laryngotracheitis. If immunized birds are included in 
the test, they should prove resistant while the others sicken. 

Immunity. Birds which recover from this disease are solidly immune for 
the remainder of their lives. Many of these birds are virus earners, hence 
when the disease has once occurred in a flock, annual recurrences of the dis- 
ease must be expected m the young stock unless they are artificially immunized. 
In small flocks it is often simpler and less expensive to dispose of all old stock. 

Beaudette and Hudson (3) developed a method of actively immunizing 
birds to infectious laryngotracheitis which has proven to be very successful. 
After trying modified viruses with unsatisfactory results, they hit upon the 
idea of using fully virulent material on the mucous membrane of the Bursa 
of Fabncius, which is an outpouching of the cloaca. In this location the virus 
sets up a harmless inflammatory reaction which immunizes sdiidly. This 
method has been extensively employed. Its principal objection is that it utilizes 
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a fully virulent disease-producing agent which, if carelessly used, may do much 
damage. It should not be used until it is absolutely certain that the flock al- 
ready contains the mfecuon. Full immunity is not developed until about nine 
days after treatment. 

The virus for the cloacal method of vaccination may be obtained directly 
from the trachea of diseased birds, or it may be virus which has been propa- 
gated on egg-embryo membranes. Commercially the virus usually is dried 
and shipped in scaled vacuum tubes with a separate container of glycerol- 
water mixture ih which to dissolve it prior to use. The virus mixture is applied 
with a small swab or brush directly on the mucous membrane of the bursa, 
taking care not to soil the feathers or to spill any vaccine. Five days later it 
IS well to catch and examine a few birds to make sure that “takes” have oc- 
curred. If the vaccine has been potent and the work properly done most of 
the birds will show swelling, inflammation, and a small amount of exudate 
at the point of inoculation. If the vaccine has not produced a high percentage 
of “takes,” the flock should immediately be revaccinated with fresh vaccine, 
since virus has been introduced into the flock and a serious outbreak of 
tracheal infections is sure to develop otherwise. 

In flocks in which the disease has occurred in previous years, vaccination of 
the young stock should be done in the summer months after the birds are at 
least 6 weeks of age, preferably when they arc about 4 months old. All birds 
on the premises must be vaccinated, of course. 
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AVUN INFECTIOUS BRONCHmS 
Synonym: Chick Bronchitis. 

This disease was first described by Sckalk and Hawn (4) in 1931. These 
authors did not determine its cause. In 1933 it was studied by Bushhell and 
Brandly (2) who carried on some filtration studies as a result of which they 
deaded that a Alterable agent was its cause. More extensive studies were re- 
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ported by Beach and Schalm (i) in 1936 which showed that the causative 
agent was a virus which differed in several respects from that of infectious 
laryngotracheitis. This disease has been reported only from North America, 
where it frequently causes serious losses. 

Character of the Disease. This disease occurs m chicks from two days to 
three or four weeks of age. Older birds can be infected artificially but they 
arc more resistant and seldom become infected naturally. The disease occurs 
principally in hatcheries, and from them is spread to flocks through the sale 
of young chicks. It causes large losses in establishments engaged in raising 
birds for the broiler trade, since in these plants large numbers of young birds 
are raised in greatly crowded conditions. 

The disease is characterized by listlessness, depression, gasping, and by 
such rapidity of spread that nearly all exposed birds develop the disease at 
almost the same time. The outbreak runs a rapid course and the mortality 
rate is from 50 to 90 per cent. Exudate which may be mucoid or caseous 1$ 
regularly found in the bronchi and sometimes in the nasal passages In chuks 
that die, plugs of fibrino-purulent exudate often are found in the lower part 
of the trachea, or in the larger bronchi Chicks that are inoculated into the 
trachea develop the disease after an incubation period of 24 to 48 hours as 
a rule, occasionally as long as 4 days, and death or recovery occurs in from 
6 to i8 days. 

NatuK of the Virus. Beach and Schalm found that the virus was readily 
Alterable. It passed readily through all grades of Berkefeld filters although 
with considerable loss of potency. It will be recalled that the virus of laryngo- 
tracheitis passes only through the coarser grades of these filters. 

Virus can be recovered from the blood, spleen, liver, and kidneys, and typi- 
cal infections can be obtained by moculating birds subcutaneously, intra- 
muscularly, intraperitoncally, and on the mucous membrane of the Bursa of 
Fabricius. In all of these respects it differs from laryngotracheitis virus. Vari- 
ous strains of chick bronchitis virus are neutralized by serum of recovered 
chicks, and such chicks cannot be reinfected with bronchitis virus but arc sus- 
ceptible to the virus of laryngotracheitis. Conversely, birds that arc immune 
to laryngotracheitis virus can be infected with the virus of chick bronchitis. 

Beach and Schalm found that dried virus, stored in the refrigerator, re- 
tained Its potency for at least 180 days.*Virus stored in 50 per cent glycerol 
became inactive after 80 days. 

Artificial Cultivation. Dclaplane and Stuart (3) reported success in cultivat- 
ing this virus on embryonated eggs in 1941. 
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Ttantmission of the Disease. Infecuons can readily be induced by introduc- 
ing minute amounts of virus into the respiratory apparatus. Natural infec- 
tions, it seems certain, arc contracted through inhalation of infective drop- 
lets. Virus carriers have not been described. 

Inanunity. No practicable methods of immunization to this disease have 
been developed. Since the disease b^ins so early in life, and the unit value 
of the stock is so low, it is not likely that such methods will be developed. Pas- 
sive immunization was accomplished by Beach and Schalm experimentally. 
The disease is best controlled by disposing of all infected stock, disinfecting 
the premises thoroughly, and beginning again with uninfected stock. 
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PULLET DISEASE 

Synonyms: Blue Comb; X-disease 

This disease has been recognized as an entity by poultry pathologists in the 
New England states for a number of years It has been diagnosed, also, m 
New York, Pennsylvania, Delaware, and Maryland It probably exists else- 
where in the eastern part of the United States. The best description of the dis- 
ease is that of Jungherr and Levine (i) who, however, did not venture to de- 
cide as to Its causation. Waller (2) claims to have isolated a virus which he 
has cultivated on the chorio-aliantoic membrane of the developing chick 
embryo, and with which he has successfully produced many of the features 
of the disease. Since the inoculated birds did not die whereas the mortality 
in the natural disease is relatively high, there is a question as to whether 
Waller’s virus is actually the cause of the disease. 

Character of the Disease. The disease usually appears in the summer months 
among pullets which have been recently housed and are in egg production. It 
is manifested by a sudden decrease in food consumption and egg production, 
a diarrhea, a darkening of the comb, dehydration of the tissues, and distention 
of the crop with hquid or food which has a very sour-smelling odor. Some 
birds show high temperatures and others are normal or even subnormal. 

The lesions consist of degenerative areas in the liver, pancreas, kidneys, and 
skeletal muscles. Punctiform hemorrhages usually are found on the serous 
surfaces. The muscular lesions consist of areas of Zenker’s degeneration. The 
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organ lesions may or may not be visible to the unaided eye. Jungherr and 
Levine were inclined to regard the disease as one primarily oi the liver and 
kidneys, and of a uremic nature. Few data are given to support this conclusion. 

The disease is seen most often in birds 5 to 7 months of age in production. 
The mortality varies from negligible to more than 50 per cent in different 
Hocks. 

Transmission. The mode of transmission of the disease under natural con- 
ditions IS not known. Quite commonly a large part of the birds of susceptible 
age develop the disease at about the same time, and this fact is of value in 
arriving at a diagnosis. Waller states that he was able to induce symptoms 
suggestive of pullet disease very readily with his egg propagated virus. In 
from 84 to 96 hours the inoculated birds become depressed and cyanotic. The 
inoculated birds do not die, but if they are sacrificed in from 96 to 120 hours 
the following gross lesions may be recognized * subcutaneous edema, icterus, 
hemorrhages into the skeletal muscles, congestion and swelling of the liver 
and kidneys, collection of urates in the ureters, petcchiation of the serous mem- 
branes of the heart and duodenum, sub-pcriosteal hemorrhages of the flat 
bones, hemorrhages into the lungs, and catarrhal inflammation of the duO' 
denum. 

Immunity. Nothing is known with regard to immunization against this 
disease. 
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CHAPTER XLIV 


VIRUS DISEASES CHARACTERIZED 
BY TUMOR FORMATION 


The Transmissible Chicken Tumors 

In 1908 £l}£rmann and Bang (3) produced evidence to indicate that a leu- 
kemic condition of fowls could be transmitted to other fowls by the inocula- 
tion of cell-free filtrates. In 1910 Rous transmitted a spindle<elled sarcoma by 
inoculation and in the following year showed that cell-free filtrates carried the 
tumor-inducing agent. Up to 1933 when their paper was written, Claude and 
Murphy (1) reported that no less than twenty-seven different types of tumors 
of chickens had been proved to be transmissible Not all of these had been 
transmitted by hltrates but the authors listed 19 instances in which they felt 
that evidence of filtrate-transmission was satisfactory. 

Earlier most pathologists were inclined to look upon these transmissible tu- 
mors not as true neoplasms but rather as types of granulomas This idea has 
now disappeared for there is nothing in the morphology and behavior in the 
host animal to distinguish many of the transmissible from the non-transmissi- 
ble tumors 

Most of the transmissible tumors of chickens may be regarded as laboratory 
curiosities rather than as economically important problems. Except for the 
leukemias which sometimes occur in unusual numbers in certain flocks, a 
(act which suggests that they are naturally transmissible, there is little evi- 
dence that these tumors behave like infectious diseases in flocks. Their prin- 
cipal importance is the light which their study has thrown on the etiology of 
tumor formation in general. 

The filterable agents which induce the formation of tumors are generally 
looked upon as viruses. Considerable progress has been made in the purifica- 
bon of some of these viruses, particularly that of the Rous sarcoma which has 
been studied more extensively than the others. The evidence indicates that 
the causative agent of this tumor is a comparatively simple chemical substance 
which withstands more physical and chemical manipulation than most other 
animal viruses. 

Discussion of all of these tumors will not be undertaken here. Those who 
wi^ to pursue the matter further will find much information about them 
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in the publications of Rous, Murphy, Furth, and their associates, the greater 
part of which are to be found in the Journal of Experimental Medicine. 

FOWL LEUKOSIS 

Synonyms: Fowl leucosis; Fowl leukemia. 

Fowl leukosis is regarded as a neoplastic disease since it is characterized by 
unrestricted multiplication of certain cells of the hematopoietic tissues. These 
immature cells circulate in the blood stream and tend to stagnate in the vas- 
cular bed of the liver, spleen, and kidneys where they multiply and cause en- 
largement of these organs. 

The disease is primarily one of the myeloid tissue of the bone marrow; the 
changes in the blood and visceral organs arc secondary. The air spaces and 
fatty tissue of the normal marrow are replaced by grayish-red tissue consist- 
ing of proliferating myeloid tissue Sometimes the proliferating cells arc pre- 
cursors of the granulocytes in which case the disease is termed granuloblastic 
or myeloid leukosis; in other cases they are erythroblastic cells in which case 
the disease is called erythroblastic leukosis, or erythroleukosis. The filterable 
agent which acts as the stimulant may cause proliferation of either type, hence 
if a number of birds are inoculated with blood of a single bird suffering from 
either type, some of them are likely to develop one type and some the other. 
Thus Stubbs and Furth (8) inoculated 25 fowls with material from two 
chickens affected with leukosis, one of which was of the myeloid type and the 
other of the erythroid. Thirteen of these birds (52 per cent) developed leukosis. 
Both types were represented in the senes, being distributed through both 
groups of birds irrespective of the type used for inoculation. Ellermann and 
Bang (3) earlier had found that a single virus might produce both types of 
the disease. 

Character of the Disease. The affected bird becomes weak and anemic. The 
comb and wattles are pale and the bird nearly always dies. The liver, spleen, 
and kidneys are found to be moderately enlarged and pale in color, the blood 
IS thin and watery, and petechial hemorrhages are usually found in the loose 
areolar tissue and in the mucosa of the intesUnes. In practically every case, the 
immature myeloid cells, previously mentioned, are found in large numbers in 
the circulating blood and the red cells arc present in greatly reduced number^. 

Nature of the Virus. The filterable agent of fowl leukosis can be carried 
from bird to bird indefinitely by intravenous inoculation, but not all birds arc 
suscepuble. Ellermann and Bang found that from 20 to 40 per cent of chickens 
were suscepuble to inoculation. The barred Plymouth Rock breed apparently 
is somewhat more susceptible than others. When the virus is passed from bird 
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to bird by blood inoculation, the virulence often increases as indicated by a 
shortening of the incubauon period and sometimes by an increase in the per- 
centage of birds in which “takes” arc obtained. In the beginning of a series 
of passages the incubation period may be several months in length. This may 
be shortened to less than one month after a few serial passages. 

According to Furth and Miller (6), the agent of leukosis passes all silicious 
filters. Collodion membrane filtration is uncertain but the authors thought 
that their results indicated that the particulate size of the virus was somewhat 
less than 100 millimicrons. In blood the virus is divided about equally between 
the plasma and the corpuscles Furth (4) found that as little as 0 000,001 cc. of 
plasma was sufficient to produce the disease by intravenous inoculation He 
also found that the infectious agent retained its potency for at least 54 days 
when dried, and for at least 104 days when preserved in glycerin. 

Transmission. The mode of natural transmission is not known. It is likely 
that blood-sucking insects are responsible The disease does not ordinarily 
transmit naturally between chickens kept in experimental lots in the same or 
neighboring cages. Naturally the disease occurs sporadically, thus indicating 
that Its contagiousness is low. Stubbs and Furth (9) reported on a certain 
farm, however, where the disease was fairly prevalent. Most of our knowledge 
of this disease has been acquired from the study of comparatively few strains 
of virus which haVe been propagated by artificial inoculation. The disease 1$ 
unimportant economically. 

Artificial Cultivation. There are no reports of the successful cultivation arti- 
ficially of the virus of leukosis. 

Immunity. Practically nothing 1$ known about natural immunity to this 
disease since affected birds seldom recover. It is obvious, however, that many 
birds possess a natural resistance of rather a high order Ellcrmann (2) did 
not succeed in actively immunizing a group of birds which he inoculated 
subcutaneously with virulent blood. 


REFERENCES 

1. CLAUDE AND MURPHY. Physiol RcvicwS, I933, JJ, 246. 

2. ELLERMANN. Jour. Exp. Med , 1921, 539. 

3. ELLERMANN AND BANC. Centrbl. f. Bakt., ist Abt., Orig., 1908, 46, 595. 

4. FURTH. Jour. Exp. Med., 1932, 55, 465. 

5. FURTH. Jour. Exp. Med., 1932, 55, 495. 

6. FURTH AND MILLER. JoUr. Exp. Med., I932, 55, 479. 

7. OLSON. Mass. Agr. Exp. Sta., Bull. 370 (1940). 



DISEASES CHARACTESIZED BY TUMOR FCAMATION 


641 


8. STUBBS AND FURTH. Jour. Exp. Med., 1931, 53, 269. 

9. STUBBS AND FURTH. Jour. Am. Vct. Mcd. Assoc., 1932, 81, 209. 

THE INFECTIOUS SARCOMATA OF CHICKENS 
Rous (3) in 1910 described the first of a series of transplantable, malignant 
sarcomas of the chicken. In 1911 (4) he showed that the tumor could be in> 
duced with dried cells, with cells that had been destroyed with glycerol, and 
with cell-free filtrates The tumor is now known as the Rous sarcoma I. It is 
a spindle<ell sarcoma which metastatizes freely and usually destroys its host 
within one month. This tumor has been extensively studied. In 1912 Rous, 
Murphy, and Tytler (5) described another chicken tumor transmissible with 
filtrates, an osteochrondosarcoma, and a third, a spindle-cell angiosarcoma. A 
considerable number of additions have been made to the list in later years. 

The active principle of these tumors, particularly of Tumor I, has been 
extensively studied by Murphy and co-workers (i) (2), and by Sittenfield, 
Johnson, and Johling (6). The active agent has not been isolated in a pure state 
but relatively pure extracts have been made by chemical precipitation. It seems 
quite clear that the viruses of these tumors are relatively stable chemical 
agents. They possess the power of stimulating neutralizing antibodies when 
injected into rabbits and in other respects do not differ in behavior from viruses 
which cause infectious diseases. 
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Papillomas of Animals (Verruca vulgaris) 

Papillomas, or common warts, occur in all species of animals. They seem 
to be most frequent in man, cattle, dogs, and rabbits, and all of these tumors 
contain filterable agents with which the tumors may be transmitted to other 
individuals. Schultz (2) in 1908 claimed to have transmitted warts of cattle 
to man. Except for this report, no information has been found bearing on the 
question of whether or not warts of the different species arc due to a single 
virus or whether there is a virus specific for each host. Warts occur in epizootic 
form at times in herds of cattle and in kennels of dogs. As a rule, they are con- 
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fined to the species in which they begin, hence it is clear that there is a con- 
siderable measure of host specificity in them. In man and all animals warts 
occur principally in the young. Adults are seldom affected. 

BOVINE PAFIIXOMATOSIS 

Warts frequently occur in calves and young stock less than two years old. 
They appear most often in the winter months when the animals arc closely 
housed. The head, especially the region about the eyes, is most often involved, 
but they appeafren the sides of the neck and less often on other parts of the 
body. They do not o&n occur on the legs. They appear first as small nodular 
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growths which develop slowly for a time and then often grow rapidly into 
dry, horny, whitish, cauliflower-like masses which finally fall o£F as a result of 
dry necrosis of their bases. Sometimes hundreds of these masses occur on a calf 
at the same time. The size varies from small ones no larger than a pea to 
confluent masses several inches in diameter. Such warts have been seen along 
the sides of the neck beginning at points where blood samples have been drawn 
from the jugular vein, an indication that an infected bleeding needle has been 
the transmitting agent. Warts have also been found in the nasal opemngs 




DISEASES CHARACTERIZED BY TUNKHl FORMATION 


% 

of many animals in the same herd, apparently transmitted by the fingers of 
persons who have held the animal or by a bull-lead which has been used as a 
means of restraint. In adult animals warts are found most often on the 
teats and udder. 

The losses from warts are considerable. In young animals affected with 
many of these tumors, growth may be retarded. The greatest losses are in 
damages to the hides of slaughtered animals. Frequently the owner is most 
concerned by the reduction in the sales value of warty animals, especially in 
purc-brcd stock. 

Nature of the Virus. Very little is known about the causative agent of bovine 
warts except that it is filterable. Creech (i) inoculated ii calves with ground 
unfiltered wart material and ii additional with filtrates of the same mate- 
rials from Berkefeld N filters. The filtrates were bacteriulogically sterile. 
Eight “takes” were secured with the unfiltered material and seven with the 
filtered. The moculations were made by scarification and intradermal injec- 
tions. 

Artificial Cultivation. The cultivation of the causative agent of cattle warts 
has not been accomplished. 

Transmission. The mode of transmission of warts is unknown. It has been 
pointed out above that there are indications that transmission may oifcur 
through the handling of the animals by people and by needles used for 
bleeding. Presumably they may be transmitted by friction between warty 
animals and others with which they come m contact. Often in the same pen, 
animals may be found with extensive crops of warts and others of the same 
age with few or none. 

Immunity. Animals affected with warts always clear up spontaneously 
after some time. This time may be rather prolonged, however, and often 
there is a demand for curative treatment. There are indications that animals 
that have suffered from warts arc resistant thereafter. It also has been ob- 
served that surgical removal of several large warts often is followed by dry 
necrosis and the falling off of the remaining ones. This has been inter- 
preted as meaning that wart virus, escaping from the tumors during the 
operation and being absorbed through the wound produced, has resulted in 
immunization. This explanation has dot been confirmed by experimental 
proof, and it should always be kept m mind that warts frequently disappear 
spontaneously, hence the value of all methods of treatment should be ac- 
cepted with caution. 

Active immunization of cattle with formalinizcd wart-tissue vaccine is 
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practiced and such vaccine is available commercially. The vaccine is made 
by grinding fresh wart tissue, trimmed free of the horny epithelial layers, 
into a fine suspension in saline solution. The suspension is treated with 0.4 
formalin solution to destroy the virus. The vacune is given subcutaneously 
or intracutaneously. It is claimed that a single dose of such vaccine will lead 
to rapid recovery in a great majority of all cases. A vaccine of this type 
was used by Stein (3) to control human warts. 
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CANINE PAPILLOMATOSIS 

Benign epithelial growths, commonly called warts, are not uncommon in 
young dogs. The tumors usually are found around the lips and in the mouths 
of the animals, where they may cause serious inconvenience. The condition 
IS highly contagious, often spreading through all of the dogs in a kennel, 
according to Penberthy (3). 

Character of the Disease. The warts begin around the lips, as a rule, as 
smooth whitish elevations which later develop a roughened surface and ap- 
pear as typical papillomas. Usually following the first one or two tumors 
there is a secondary crop appearing on the insides of the cheeks, the hard 
palate, the tongue, and even on the walls of the pharynx. The tumors have 
the appearance of cauliflowers They may interfere considerably with masti- 
cation. After several months without any sort of treatment they disappear 
spontaneously. 

Nature of the Virus. McFadyean and Hobday (2) showed that the warts 
were infectious by rubbing pieces of the tumors on the scarified mucous 
membranes of other dogs. DeMonbreun and Goodpasture (i) likewise found 
It easy to propagate the tumors in this way. McFadyean and Hobday state 
that the incubation period 1$ from 4 to 6 weeks. DeMonbreun and Good- 
pasture found that it was about 30 to 32 days as a rule but it was somewhat 
longer in malnourished dogs. The latter workers passed tumor suspensions 
through Bcrkefeld N and W filters and found that the virus was present in 
abundance in the filtrates. Wart material was dried while frozen and kept 
in this state for 64 days. At the end of this time it readily produced tumors, 
the incubation period being 32 days, an indication that there had not been 
appreciable attenuation of the virus as a result. Wart tissue kept in glycerin 
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for the same period likewise kept its virulence relatively unimpaired. Wart 
tissue which had been heated at 45° C. for one hour retained its virulence but 
that which was heated at 58° C. and 80° C. proved inactive. 

The attempts of DeMonbreun and Goodpasture to produce warts on the 
vaginal mucous membrane, on the mucous membrane of the conjunctiva, 
and on the skin of the abdomen proved unsuccessful, both with filtrates and 



Fig 139 Canine Oral Papillomatosis Left, Puppy’s mouth showing the warts as 
they appeared sixty^six days after injection of a Berkefeld filtrate of tumor emulsion. In 
this case the incubation period was thirty-three days Right, A transverse secuon of a 
papjjla of an actively growing wart The inner core of Malpighian cells is approximately 
normal in size They are surrounded by the enlarged, vacuolated wart cells x 200. (Cour- 
tesy of DeMonbreun and Goodpasture, /fra four Pathology ) 

with fresh unfiltered wart tissue. They also failed to infect the mouths of 
cats, rabbits, guinea pigs, and rats. 

Immunity. Clinical experience indicates that dogs which recover from an 
attack of warts seldom or never are infected again. McFadyean and Hob- 
day, and DeMonbreun and Goodpasture both found it impossible to rein- 
fect, experunentally, dogs which had recovered. 

Vaccines are sometimes used for treatment. These are made as in the case 
of those of cattle. Some veterinarians have reported good results from the 
use of these vaccines. Since the disease is self-curing, the results of the use of 
vaccines must be accepted with cautioa 
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PAPILLOMATOSIS OF RABBITS 

Synonym: The Shope Papilloma. 

In 1933, Shope (4) showed that the common wart of the western wild 
cottontail rabbit was infectious, and that the infectious agent was a virus. 
These warty growths are not uncommon among wild rabbits of the mid- 

western part of the United States. 
Usually there are from one to ten 
of these tumors on the infected 
animal but occasionally there may 
be hundreds of small tumors cov- 
ering almost the entire body sur- 
face. Even when the tumors are 
numerous they have little effect 
upon the general health of the rab- 
bit. They are of little economic im- 
portance. 

Character of the Disease. The 
naturally occurring tumors appear 
as tall, thin, horny structures, usu- 
Fio 140 Rabbit Papillomatosis Warts on ^jjy gi-gyjjJj qj- even black in color, 
the scarified skin of the abdomen of a rabbit , , 

produced experimentally The moculanon had hunters sometimesjefer to spch 
been earned out about one month previously animals as “horned" rabbits, espe- 
(Courtesy of R E Shope, Jour Exp Med.) cially when the warts occur upon 

the head. The sides of the neck, 
the shoulders, the abdomen, and the inside of the thighs are the sites of 
predilection. 

Experimentally the disease may be transmitted easily by moculatmg scarified 
skin areas with filtered or unfiltered tumor tissue. These tumors can be trans- 
mitted m scries in the cottontail rabbit, but those produced m domestic rab- 
bits by such inoculations are not transmissible although otherwise typical. 
Rous and Beard (3) showed that if the tumor-bearing domesticated rabbits 
were kept for long periods (200 days or longer) a considerable number of the 
benign papillomas become transformed into malignant carcinomas. Kidd and 
Rous (3) studying the matter further showed that the same thing was true of 
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such tumors produced by inoculation in jack rabbits and snow-shoe rabbits. 
They believe that in rabbit species in which the virus is foreign there is virus 
variation which leads to mahgnancy. The malignant tumors arise from cells, 
which are already neoplastic as a result of virus action, by gradual change in 
character. 

Nature of the Virus. Shope (4) found that the virus was readily filterable 
through Berkefeld filters of all grades of porosity, but not through Seitz filters, 
as a rule. The first detectable evidence of epithelial proliferation is seen from 
the 6th to the 12th day, averaging 8 days, after inoculation. Rather surprisingly, 
filtrates often produce tumors after incubation periods which are somewhat 
shorter than those of the same suspensions unfiltered. This is interpreted as 
meaning that some inhibiting agent had been removed by filtration. Inocula- 
tion of the scarified skin is the only way by which the disease can be trans- 
mitted with a high degree of regularity. Subcutaneous, intramuscular, intra- 
peritoneal, and intravenous inoculations usually fail to infect. Shope infected 
two out of four animals, however, by scarifying a skin area and then injecting 
virus intravenously, the tumors appearmg in the scarified areas. 

The virus is unusually resistant to heat Virus suspensions heated at 67® C. 
for 30 minutes were not inactivated. Those heated at 70° C. failed to produce 
tumors. The virus keeps for long periods in glycerin. 

Artificial Cultivation. Cultivation of this virus on artificial media has not 
been reported. 

Transmission. In view of the fact that animals can easily be infected through 
superficial scarifications of the skin, it is presumed that natural infections oc- 
cur through direct contacts between infected and susceptible animals. 

Immunity. Shope (4) (5) has shown that rabbits carrying experimentally 
produced papillomas are partially or wholly immune to reinfection, and also 
that the sera of such animals is capable of partially or completely neutralizing 
the virus %n vitro. Even though the tumors produced in domesticated rabbits 
contain no demonstrable virus, injccuons of suspensions of such tumors will 
actively immumze susceptible ammals. Shope concluded that m the tumors of 
domesticated rabbits the virus is present but is masked m some unknown 
way. Bernheim and co-workers (i) recently claim to have obtained the virus 
from cottontail rabbit tumors in the form, of a homogeneous protein, but they 
were unable to find this protein in the domesticated rabbit tumors. They did 
find m the latter, however, a non-infectious, antigenic protein which immun- 
izes animals to the virus. They suggest that a factor exists, possibly enzymic in 
nature, in the domesticated rabbit which destroys the virus. They also speculate 
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about the possibility of the existence of such agents in other mammalian 
tumors, and the possibility that this may explain why viruses have not been 
rect^ized in most of them. 
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INFECTIOUS MnOH^ATOSlS OF RABBITS 

A 

This IS a highly contagious and almost always fatal disease of domesticated 
rabbits which was first recognized in South America and later in Mexico and 
the United States (California). The disease often destroys whole rabbitries It 
was first described in 1898 by Sanarelh (7) who was working m Montevideo, 
Uruguay. Sanarelh ascribed the disease to a virus since he could not see or 
cultivate any organisms in the lesions It is of interest to note that Sanarelh's 
paper appeared in the same year as that of LoefHer and Frosch who de- 
termined the causauve agent of foot and mouth disease of cattle to be a virus. 

The myxoma virus takes its place, 
historically, as the second animal 
disease virus to be recognized. 

Myxomatosis affeas ordinary do- 
mestic rabbits. Angora rabbits, Bel- 
gian hares, and Flemish Giants, but 
the wild rabbit of Brazil, the com- 
mon cottontail, and the )ack rab- 
bit of the United States are almost 
wholly immune The virus does not 
affect any animal species other than 
certain rabbits, and man is also im- 
mune. 



Fus 141. Virus Myxomatosis, Rabbit Character of the Disease. The dis- 

begins with inflammation of 
on the freshly shaved dun; (Courtesy of ® 

Thos. M Rivers ) the eyes. The eyelids swell and a 

copious discharge from the con- 
junctival mucous membrane appears. At first the discharge is serous but 
shordy it becomes purulent. Within 24 to 48 hours the eyes cannot be opened 
because of the swelling. A nasal discharge also appears, and swellings are 



IHSEASES CHAXACmiZEO BY TUMOR K»MATION 


noted involving the skin of the face and ears. The head may become very 
misshapen, then similar swellings may be noted on other parts of the body. 
The genital openmgs become inflamed, and discharge a purulent exudate. 
Finally the tumorous masses may involve nearly the whole body, the affected 
animal appears very ill, and almost invariably dies in from 7 to 15 days after 
the first symptoms are noted. 

The tumor-like masses consist of tissue having a rubbery, gelatinous con- 
sistency. Usually the lungs, liver, and kidneys are normal in appearance but 


Fig 142. Virus Myxomatosis The virus stacks epidermal cells as well as those of 
the subcuaneous tissue In the lower part of the photograph the myxomatous tissue is 
seen In the upper part, a series of vesicles — the end result of infection of cpithclal cells. 
X 100 (Courtesy of Thos M Rivers, Jour Exp Med ) 

the spleen is always swollen and the lymph nodes are swollen and hemor- 
rhagic. Although the external genitalia are inflamed, the testicles, uterus, 
and ovaries usually are free of lesions. The testicular swelling mentioned by 
many authors is usually caused by changes in the scrotum rather than in 
the testicle. 

Sections of the myxomata show tissue characteristic of that type of tumor, 
that IS, large stellate cells embedded in a homogeneous, gelatinous substance 
which is largely if not wholly muan. In addition, however, there is evidence 
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of utibfnunation manifested by engorgement and hemorrhages from tttelUood 
vessels and by collections of neutrophilic leucocytes. Rivers (5) was die fii^ 
to call attention to another characteristic feature of these virus tumors, that 
is, a peculiar type of degeneration of the epithelial coverings. The epithelial 
tells arc greatly swollen and vacuolated, and acidophihc bodies rapidly de- 
velop in their cytoplasm. These 

■ bodies contain blue-staming coccoid 

elements. The whole structure re- 
sembles the Bollengcr hodies of 
fowlpox. 

Rivers and Ward (6) have found 
It possible to obtain suspensions of 
these elementary bodies, which they 
regard as the virus, in a relatively 
pure form. Not only are such sus- 
pensions highly pathogenic but the 
bodies are specifically agglutinated 
by serum of recovered or immu- 
nized animals 

Fio. 143 Virus Myxomatosis. Epider- Nature of the Virus. Virus can be 

mu of a tumor showmg cytoplasmic inch.- obta.n^d from the tumors, internal 
ston bodies xooo (Courtesy of Thos. M 

Rivers, Jour Exp Med ) organs, blood, and from the dis- 

charges from the body openings. 
It is filterable through Berkefeld filters. The particle size is rather large. It 
IS believed that the elementary bodies, mentioned above, actually constitute 
the virus. Since Findlay (i), in England, could not find the elementary bodies 
of Rivers in his material, the question was raised whether Rivers had not 
been dealing with two viruses, one of which affected the fibroblasts and the 
other the epithelial cells. Attempts to separate two viruses, however, have 
failed. Hyde and Gardner (4) m this country have confirmed Rivers’ find- 
ings and think that Findlay's results may be explained by the fact that he 
worked with a different type of raUiit. Rivers found that the virus, kept m 
glycerol for two years, retained its infcaivity. 

Artificial Cuhivatioii. Hoffstadt and Pilcher (2) have reported successful 
cultivation myxoma virus on the chorio-allantoic membrane of the de- 
veloping chick embryo. 

IkanKBunon of the Disease. Natural transmission of myxomatosis occurs 
dirou^ contact with die mfective discharges from die bodily opemngs. 
fiVliedier die disease is initiated with a naturally or an artificially infected 
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lamimal, die disease readily spreads to other rabbits in the same and neigUbo^ 
isg cages. The incubation period is about five days. 

Immunity. Since nearly every rabbit affected with myxomatosis dies, there 
has been only hmited opportunity to study natural immunity. It is known, 
however, that in a few that have recovered, k solid immunity has been estab* 
lished. Hyde (3) obtained some degree of resistance by injecting rabbits be- 
fore inoculation with a heat inactivated (6e°* C. for 30 minutes) tissue vac- 
cine. The disease was rendered less progressive, death tyas delayed, and some 
animals survived. , • 

Shope (8) discovered that the virus dL the Shqpe fibroma, wtitcb is a be^ 
sign tumor, immunized rabbits to the wus of mynosiAfo^TliiS'fact baa 
aroused great interest but the method of immumzation' can hairdly b^Cid&d 
a practical one for protecting stocks of rablnts. There are' no psahtical 'vac- 
cines for this disease, hence outbreaks have to be controlled 1^ '^,destr|^ 
tion of affected stock and the practice of rigid sanitary precautions. ' 
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THE SHOPE FIBROMA OF RABBITS 

Shope (5) in 1932 described a type of fibrous tumor of the cottontail rab- 
bit which proved to be transmissible to other cottontail rabbits and to the 
domestic species by the injection of cellular suspensions and of Berkefeld 
filtrates. Although of interest on its own account, this virus has attracted 
much mterest because of its relationship to the virus of myxomatosis. 

Character of the Disease. The tumor occurs subcutaneously in natural in- 
feaed cases. There may be one or eevei^ in the same animal. They are firm, 
spherical masses which can be moved about under the skin, being only 
loosely attached. Sections show that the masses are made up of spindle- 
dhaped, connective tissue cdls^ without evidence ci inflammatory lehctiQa. 
. Filtrates of tumor tusue when injected into die testicles tegulatiy eauae 
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the formation of similar tumors. Subcutaneous and intramuscular inocula- 
tions frequently, but not always, succeed. Intrapentoneal and intracerebral 
inoculations fail. 

Transmission of the tumors occurs equally well by inoculation in do- 
mestic and cottontail rabbits but the behavior of the tumors in these species 
diSer. In the cottontail rabbit, growth is slow and it conunues over a long 
period of time. In the domestic rabbit growth is rapid but after about ten 
days of active proliferation further growth docs not occur and retrogression 

■ begins. The virus content of the 

cottontail tumors remains high for 
a long period (77 days at least), 
whereas in domestic rabbit tumors 
It IS highest about 7 to g days after 
inoculation, and disappears as retro- 
gression occurs (6) Guinea pigs, 
rats, mice, and chickens proved re- 
fractory to inoculation. So far as 
is known, no animal other than 

Fio 144 The Shope Virus Fibroma t*"* 

Tumor on the shaved skin of the abdomen virus, 
of a rabbit produced by experimental inocula- 
tion II days previously (Courtesy of R E. Nature of the Virus. The virus in 
Shope.) rabbit fibromatosis is found only in 

the tumors. It has not been demon- 
strated in the blood, visceral organs, or in any of the secretions or excretions. 
In susceptible animals it stimulates a proliferation of the connective tissue 
at the point where it is deposited. There is no evidence of inflammauon or of 
necrosis in the lesions. 

The virus is readily filterable through Berkefeld V and N filters. It re- 
mains Viable in glycerol for long periods of time. 

One strain of rabbit fibroma virus after 18 passages in domestic rabbits 
suddenly mutated and thereafter failed to produce tumors but instead 
caused inflammatory reactions in the Injection sites. This change was de- 
tected by Andrewes (i) in England to whom Shope had sent the material. 
Shope (9) himself was able to confirm Andrewes’ findings. Passage through 
a series of cottontail rabbits restored part of the tumor-producing power. 
Other strains have not so changed. The changed strain continued to im- 
munize against the tumor produemg strains. 

Aitificud Cultivation. Cultivation of the Shope fibroma virus on artificial 
media has not been reported. 
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Tnuumisiion. The mode of natural transmission of the virus is not known. 
It docs not transmit from animal to animal by simple contact. Hyde and 
Gardner (4) found that it was not transmitted from mother to young 
either through the placenta or through the milk. Experimentally the disease 
has been produced only by inoculation. 


Immunity. Shope (6) showed that domestic rabbits in which tumors had 
formed and retrogressed could not be reinfected with the same virus. To his 



Fig 145 The Shope Virus Fibroma Secdon of a tesdcular tumor produced 
penmenul moculation of a rabbit, x 300. (Courtesy of R E. Shope.) 


surprise he found that such rabbits also had a high degree of resistance to the 
virus of myxomatosis. Whereas myxoma virus is almost always fatal to 
normal rabbits, it destroyed only one of a group of fifteen fibroma-recovered 
animab. These animals then proved to be highly immune to myxoma virus 
as well as to fibroma virus. One rabbit which recovered from myxoma with- 
out having previously been affected with fibroma, proved to be resistant to 
fibroma as well as myxoma. 

Thinking that fibroma might be the natural reaction of cottontail raU^ 
to the virus of myxomatosis, Shope (8) attempted to pass the myxoma virus 
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serially through these animals. Only minimal reactions were induced and 
these had the character of neither fibroma nor myxoma. 

The unexpected finding of the immunological relationship between fibro- 
matosis and myxomatosis suggested, of course, that the benign fibroma was 
caused by an attenuated strain of the malignant myxoma, however Shope 
(7) expressed the opinion that such was not the case; that the viruses were 
qualitatively different. 

Certain experiments conducted by Berry and Dedrick (3), and by Berry 
(3), in 1936 and 1937, indicate that fibroma virus probably is an attenuated 
form of myxoma. The virus of myxomatosis was heated to 75° C. which 
completely inactivated it. Mixed with fibroma virus, however, the mixture 
produced typical myxomatosis when injected mto rabbits, and this disease 
could then be transmitted to other animals indefinitely. It was suggested 
that something in the heated myxoma virus had acted as a sort of hapten 
to lend greater virulence and malignancy to the fibroma virus. 
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Antigenic analysis, in Salmonella group, 
*77 

Antigens, cellular, 30; definition, 28, 
diphasic, 177, fl^ellar, 50, 177, H-type, 
5t, 177, monophasic, 177, nature of, 29, 
tWypCi ji, 177, phase, specific, 177, 
phase, non-specific, 177, somatic, 50, i77, 
synthetic, 30 
Antiserums, 29 

Antitoxin, botuhnus, 286, Cl hemolytt- 
cutn, 304, Cl perjnngens, 300, diph- 
theria, 38, staphylococcus, 102, strepto- 
coccus, hemolytic, 95, tetanus, 40, 279 
Antitoxins, practical production of, 37, 
standardization of, 38 
Antitoxin units, diphtheria, 36, 39, tetanus, 
36. 37 

Aphthous fever, virus of, 50S 

arlomgi, Eimeria, 451 

Artbus phenomenon, fio 

Ascoh test, for anthrax, 55, 123 

Ascomycetes, characters of, 356 

Aspergillosis, of birds, 368, of cattle, 369 

Aspergillus jumigatus, 368 

Asterococctu mycoidet, 34S 

aslerotJes, Actinomyces, 329 

Atopens, 66 

Atopic reagins, 66 

Atoxyl, 402 

aubumensis, Einieria, 449 
Auieszky's disease, virus of, 547 
aureus. Staphylococcus, 97 

Babesiae, of cattle, 465, of dogs, 472, of 
horses, 471; of sheep and goats, 471 
Babesia bigemina, 466 
— — bouts, 470 

caballi, 472 

- canir, 47a 

o^ut, 472 

— — motast, 471 
mutans, 470 


Babesia oms, 471 

sergenta, 471 

Baallus aerogenes capsulatus, 297 

anthraas, 117 

brevis, 8g 

nephritidis equi, 193 

otntoxicus, 297, 299 

patudis, 297, 299 

pyelonephntidis boots, 107 

renalis boots, 107 

Bacillus of green pus, 114 
Bacillary white diarrhea, of chicks, 187 
Bacteremia, 12 
Bactcriotropins, 57 

Bacterium aborttvoequtnus, i 55 > tga 

aerogenes, 172 

aeitiyclfe, 179 

anatum, 183 

cholcittcsuts, 184 

coh, 172, 173 

enteritidis, 182 

eqtnruhs, 193 

gallinarum , 190 

pestis-caviae, 179 

psittacosis, 179, 615 

pttUorum, 187 

punfaciens, 106 

sHipesUjer, 184 

typhimurtum, 179 

typhiSHis, 186 

viscosum equi, 193 

Bactci Older lundulijormis, 311 
Balantidium coh, 482 

Stas, 482 

Bang's bacillus, 130 

Bang’s disease, of cattle, 130, agglutination 
test for, 135, control of, 141, immuni 
zation to, 140 

Bartonella bacillijormis, 202 

cams, 203 

muns, 202 

Basidiomycctcs, 355 
Bayer 205, 403 

BCG vaccine, for tuberculosis, 250 
besnoiti, Globidium, 493 
bigemina, Babesia, 466 

, Isospeta, 429 

Big head, in sheep, 296 
Black disease, in sheep, 296 
Blackhead, m turkeys, 415: comparison 
with trichomoniasis, 419 
Blackleg, in cattle and sheep, 287, 288, 
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Blackleg — continued 
aggressin, 290; anaculture, 290, bactenn, 
190, vaccines, 289 

Blood, clearance of bacteru from, 22 
Blood groups, animal, 72 
human, 68 

distribution among races, 71, inherit- 
ance of, 7t 

Blue comb, virus of, 636 
Blue tongue, of sbeep and cattle, virus of, 
602 

Bollenger bodies, 50a, 523 
hanast, Leucocyiozoon, 463 
Bordet-Gengou reaction, 44 
Borna disease, virus of, 551 
Borrel bodies, 500, 523 
Borrelia ansenna, 335 

galhnarum, 335 

theilen, 335 

Botryomycosis, of horses, loi 
botulmum, Closlitdium, 281 
Botulism, m animals, 281 
Bovtmyces pleuropneumontae, 346 
iotnt, Actinomyces, 321 

, Babesia, 470 

, Streptococcus, 93 

Bovovaccine, vonBehring's, for tuberculo- 
sis, 249 

Boynton’s vaccine, for hog cholera, 593 
Bradsot, of sheep, 294 
Braxy, of sheep, 294 
brevts. Bacillus, 8g 

Bronchitis, avian, infecuous, virus of, 634 
brucet. Trypanosoma, 394 
Brucella abortus, 130, cross-agglutmation 
with tularemia serum, 168 

brottcitseptica, 150, relationship to 

canine distemper, 151, 576, 580 

mehtensts, 144 

suss, 142 

Brucellosis, of cattle, 130, of goats, 144; 

of man, 146, of swme, 142 
Brustseuche, 613 
bubpdnonensts, Etmersa, 448 
Bulbar paralysis, infectious, virus of, 547 
Bull-nose, in swine, 310 

cabatli, Babesia, 472 

Calf pneumonia, contagious, virus of, 6ti 
Calf scours, Bactermm coli in, 174 
eanicola, Leptospira, 337 
Canine distemper, virus of, 576 


eaninum, Aehorion, 363 
cams, Babesui, 473 

, Eimena, 431 

, Hemopbtlus, 198 

, Microsporum, 360 

Capromyces agalactiae, 350 
Carbozoo, 125 
Carceag, 471 

Carriers, contact, ;, convalescent, 5; dis- 
ease, 5, immune, ; 

Catarrhal fever, malignant, virus of, 626 
Catarrhal fever, of sheep, virus of, 602 
Cecal worm, role in blackhead, 420 
eentraie, Anaplasma, 480 
chautioei, Closliidium, 287 
Cholera, hog, 586 
cAoleiaesuis, Bacterium, 184 
Chorio-meningilis, lymphocytic, virus of, 
574 

Ciliata, 386 

Ciliatcs, pathogenic, 4S2 
Circling disease of sheep and cattle, 204, 
205 

Clostridium botulmum, 281 

chauvoa, 287 

edematiens, 295 

bemolvlieum, 300 

nouyi, 295 

paiabotulinum, 281 

perfnngens, 297 

sepucum, 29J 

tetam, 275 

melcbit, 297 

Coccidu, of cattle, 444; of chickens, 435; 
of dogs and cats, 428, of ducks, 444, of 
geese, 444, of rabbits, 431, of sheep and 
goats, 450, of swine, 43;, of turkeys, 
443, host specificity of, 427, hfe cycles 
of, 425 

Coccidioidal granuloma, 370, 373 
Coceidioides immitis, 370 
Coccidioidin, 374 

Coccidioidomycosis, of animals, 371 
Coital exanthema, virus of, 518 
Colostrum, antibodies m, 36, effect of, in 
protecting new-born calves, 174 
iiomplemcnc, 43, 44 
Complement-fiitation test, 46 
coll. Bacterium, 173, 173 
columbae. Trichomonas, 409 
congolense. Trypanosoma, 396 
Contagion, 7 
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Corynebactmum eqm, iii 

magnusionJtohh, iii 

<m$, 109 

pteudo-fyogenes, 105, 106 

pstudctubcrculosu, 109 

— pyogenes, 103 

— renale, 107 
Cowpox, 526 

cremons. Streptococcus, 94 
Crutospav, 334 
Crithidia, 388 

Cryptoeoccus jarcimtnosut, 375 
Crystal violet vaccine, for hog cholera, 593 
cumeuh, Encephaittonoon, 485 
cyhndnca, Etmena, 448 

debheckf, Etmena, 455 
Dermatitis, contagious, pustular, of horses, 
virus of, 530 

Dermatomycoses, of animals, 357 
Dermatophytic fungi, 335 
Dcrrcngadcra, 398 
Desert fever, of man, 371 
Diamond skin disease, of swine, 213 
Diphtheria, calf, 306, 310 
Disease, causes of, 3 
Disease production, mechanism of, 11 
Distemper, camne, virus of, 576 
Distemper, feline, virus of, 583 
donovam, Letshmanta, 389 
Dourine, 399 

Drug-fastness, of blood protozoa, 402 
Duck-sickness, western, 28; 
dysgalacttae. Streptococcus, 87, 89 

East Coast Fever, of cattle, 474 
Eberthella (see Bactenum) 

Ecthyma, contagious, of sheep, virus of, 

519 

edemmiens, Clostridium, 29; 

Ehrlich’s Side Chain theory, 32 
Eimerttt acervubna, 440 

ansens, 444 

arloingt, 451 

auhumensit, 449 

bulfpdnonensit, 448 

eaius, 431 

cyhndnca, 448 

debliccl(i, 455 

elhptoidaht, 447 

fauret, 454 

gransslota, 454 


Etmena hagani, 440 

intncata, 454 

magna, 434 

maxima, 439 

meleagridts, 444 

meleagnmitis, 444 

mats, 441 

necatnx, 438 

nina^ohl-yalfimovi, 454 

nocent, 444 

pallida, 452 

parva, 452 

parvuta, 444 

perforans, 434 

perminula, 456 

praecox, 440 

scabra, 456 

tptnosa, 457 

smaht, 447 

sttedae, 432 

tenella, 437 

thianethi, 449 

truncata, 444 

zurnabadensts, 449 

zurmt, 446 

ellipsotdalts, Etmena, 447 
Encephalitis, bacterial, of sheep and cattle, 
206, human, caused by equine cnccph- 
alomyeliris virus, 561 
Encephahtozoon cuniculi, 485 
Encephalomyelitis, avian, infectious, virus 
of, 566 

equine, eastern type, virus of, 554 
North Amencan, 553 
Venezuelan type, virus of, 563 
western type, virus of, 553 
fox, infectious, virus of, 568 
ovme, infectious, virus of, 571 
porcine, infectious, virus of, 564 
Endotoxins, 13 
Enteric organisms, 171 
ententidis. Bacterium, 182 
Enteritis, feline, infectious, virus of, 583 
Enteritis, necrotic, of swine, 309 
Enterococci, 94 
Enterotoxemu, of sheep, 299 
Epithelioma, contagious, of fowls, virus of, 
52 * 

etjut, Babesta, 472 

, Corynebactenum, ill 

Ntatoha, 472 

Streptococcus, 90 
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Equine influenza, vinis of, 6og 
equmum, Mtcrosporum, 361 

, Trypanosoma, 398 

eqmnus, R/nzoptu, 366 

, Streptococcus, 93 

equtperdum. Trypanosoma, 399 
eqmrubs, Bactenum, 193 
Erysipeloid, human, 314 
Erysipelothrtx munsepticae, aio 

rhustopathtae, 210 

Escherichia (see Bactenum) 
evansi. Trypanosoma, 397 
Exanthema, vesicular, virus of, 516 

faramwosus. Cryptococcus, 375 

fariimcus, Actinomyces, 327 

Farcy, 222, bovine, 327 

Fates of infecting organisms, 4 

fauret, Etmena, 454 

Favus, 357, 362, 363 

fecalis. Streptococcus, 94 

Feline enteritis, infectious, virus of, 583 

felts, Isospora, 430 

Ferkelgnppe, 608 

fetus. Trichomonas, 405 

, Vibrio, 153 

Fibrinolytic test, for hemolytic strepto- 
cocci, 8t 

Fibroma, Shopc, of rabbits, virus of, 651 
Fixed virus, of rabies, 541 
fluorescein, 114 
Fomites, 6 

Foot and Mouth Disease, virus of, 506 
Foot rot, in sheep, 309, 312 
Fouls, in cattle, 310 
Fowl cholera, 160 

coryza, 199 

leukosis, virus of, 639 

pest, virus of, 628 

plague, virus of, 628 

Fowlpox, virus of, 521 
Fowl typhoid, 190 

Fox encephalitis, virus of, 568; canine in- 
fections with, 570 
franbit. Trypanosoma, 392 
fumigatus, Aspergillus, 368 
fundultformts, Bacterotdes, 31 1 
Fungi impcrfecti, 356 

galltnaceum, Plasmodium, 464 
gattmae, Achonon, 363 
, Trichomonas, 409 


gatbnarum. Bacterium, 190 

Borrelta, 335 

Hemophilus, 199 

, Streptoeoecus, 93 

, Trichomonas, 412 

gambiense. Trypanosoma, 395 
Gartner bacillus, 182 
Gas bacillus, 297 
gemlabum. Streptococcus, 93 
gilruthi, Globidium, 492 
Glanders, 219 
Globidia, 493 
Globidium besnoiti, 493 

gilruthi, 492 

leubam, 493 

gondii. Toxoplasma, 485 
Goose septicemia, 335 
Gramicidin, 89 
granulosa, Eimena, 454 
granulosum. Trichophyton, 363 
Grease, of horses, virus of, 530 
Green pus, bacillus of, 114 
Guarnieri bodies, 500 
Guinea pig paralysis, virus of, 574 
gypseum, Achonon, 362 

H-anUgens, 51 

Habel test, for rabies vaccines, 545 
hagani, Etmena, 440 
Haptens, 30, 31 
Harris vaccine, for rabies, 543 
Hcartwatcr, of cattle, 342, 343 
hemoglobinophilus, Hemophilus, 198 
Hemolysis, Bordet's expenments on mech- 
anism, 43 

hemolytica, Pasteurella, 162 
hemolyticum, Clostndium, 300 
Hemophilic bacteria, 196 
Hemophilus cams, 198 

gallinarum, 199 

hemoglobinophilus, 198 

influenzae, 196 

ovis, 200 

suis, 197 

IJemoprotcus, 459 
Hemorrhagic disease, of cattle, 300 
Hemorrhagic septicemia organisms, 157; of 
cattle, 160, 162, of sheep, tfio, 162 
Hemosporidia, 458 

Heterakis papiUosa, role in blackhead, 430 
Hexamita meleagndis, 414 
hipptcum. Trypanosoma, 39S 
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Hisuminaw, u«e *0 prevent anephylactie 
(hock, 62 

Histamine shock, 62, 63 
Histomomu mdeagndu, 415 
Hog cholera, virus of, 586 
Hog cholera bacillus, 184 
Hog "flu,” 603 

Hogyes vaccine, for rabies, 542 
homtnit. Trichomonas, 405 
Horse pos, virus of, 530 
Horse pox, genital, virus of, 518 
Horse sickness, African, virus of, 598 
Hotis test, for mastms milk, 88 
Hydrophobia, virus of, 534 
Hypersensitization, 59 

Icterohcmoglobinuria, infectious, of cattle, 
301 

tcterohemorrhagiae, Leptospira, 337 
tmmitis, Coccidioides, 370 
Immunity, 18, acquired, 25, active, 20, 
anti-bacterial, 21, natural, 25, of the new 
born, 26, passiie, 20, 23, racial, 25, spe- 
cies, 25 

Inclusion bodies, virus, 500 
Infection, 7 

Infections, generalized, 12, localized, 12 
Influenza, equine, virus of, 609, swine, 
virus of, 603 

relation of Hemophilus suis to, 605 
influenzae. Hemophilus, 196 
intncata, Eimena, 454 
Iso-antibodies, 68 

Iso-eicctric point, agglutination at, 50 
Isospora btgemina, 429 

jells, 430 

rivolta, 430 

sms, 457 

Isospora, of dogs, measurements of oocysts, 
429 

Joest bodies, in Borna disease, 551 
lohne's disease, 238 
fohnin, M 
joint III, in foals, 194 

Kala-azar, in dogs, 390 
Keel, in ducklings, 183 
Kelser vacane, for rabies, 544 
Koch phenomenon, in tuberculosis, 248 
Koch's “blue bodies” in East Coast Fever, 
475 


lactis, Oidtum, 378 

, Streptococcus, 93 

Lamb dysentery, 299 
Lamziekte, in cattle, 281, 285 
Lancefleld’s method, of differentiating 
hemolytic streptococci, 81 
Laryngotracheitis, avian infectious, virus 
of, 631 

L C L. bodies, in psittacosis, 617 
L. D bacillus, 297, 299 
Letshmania, description of, 387, 388 
Leishmania donovani, 389 

tropica, 389 

leprae, Mycobacterium, 268 
Leprosy, human, 268, rat, 269 
Leptomonas, 387 
Leptospira canicola, 337, 338 

tcterohemorrhagiae, 337 

Leptospiral jaundice, in dogs, 338 
Leptospirosis, in dogs, 338 
Leucocidins, 14 
Leucocytozoa, 459 
Leucocytozoon bonasae, 463 
— stmondi, 461 

smiths, 459 

leukfirti, Globidmm, 493 
Leukemia, fowl, virus of, 639 
Leukosis, fowl, virus of, 639 
leivisi. Trypanosoma, 391 
ligniercsi, Actinobacillus, 315 
Limber neck, in chickens, 284 
Lip and leg ulceration, in sheep, 310 
liquejaciens. Streptococcus, 94 
Listeria group, 204 
Lsstena monocytogenes, 156, 204 
Listeriosis, 206 
Local immunity, 27 
Loin disease, in cattle, 281, 285 
Looping 111, of sheep, virus of, 571 
Lumpy jaw, of cattle, 321 
Lupus, 24$ 

Lymphadenitis, caseous, of sheep, no 
Lymphangms, ulcerative, of horses, no 
Lymphocytic chorio-meningitis, virus of, 
574 

Lysms, 42 
Lysozyme, 19 


Macrophages, 21 
Mad Itch, virus of, 547 
magna, Etmerta, 434 
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magnusson-iolth, Corynebactenum, iii 
Maladie-du-coit, 399 
Malaria, of birds, 464 
Mai de cadaras, 398 
Malignant carbuncle, lao 
Malignant catarrhal fever, of cattle, virus of, 
626 

Malignant edema, 293 
Malignant edema bacillus, agi 
mallet, Malleomyces, 219 
Mallein, 223 
Malleomyces mallet, 219 
margtnale, /ittaplasma, 477 
Marphasan, for treating blackhead, 422 
Mast^phora, 386 
maxima, Eimeria, 439 
Meat poisoning, in man, 182 
Megrims, in pigeons, 181 
meleagrttlis, Etmerta, 444 

, Hexamita, 414 

, Histomonas, 415 

melegrtmttu , Etmerta, 444 
melophagtum. Trypanosoma, 392 
m •ntagrophytes. Trichophyton, 361 
Metastasis, 12 
Microbic dissociation, 9 
Microsporum cams, 360 

equtnum, 361 

mteschertana, barcocystts, 489 
Miliary tuberculosis, 231 
Milker's nodules, 529 
mths, Etmerta, 441 
M L D , diphtheria toxin, 35 
Montlia albtcans, 377 
Moniliasis, 376 

momlijormts, Stieptobacillus, 345 
monocytogenes, Ltsterta, 156, 204 
Mononucleosis, infectious, of rabbits, 204 
Moon blindness, of horses, 573 
motast, Babesta, 471 
Mouse septicemia bacillus, 210 
Mouse typhoid bacillus, 179 
Mucor infections, 155, 366 
Mucormycosis, of animals, 366 
multoetJa, Pasteurella, 158 
mmisepticae, Erysipelothnx 210 
Murrina, 398 
mutans, Babesta, 470 
Mycobacterium paralubereulosis, 258 

leprae, 268 

tuberculosis, 156, 229 

mycoides, Asterococcus, 346 


Mycoses, of internal organs, 365 
Myxoma, infectious, of rabbits, vims of, 648 
Myxomatosis, rabbits, 648 

Nagana, 394 

Nairobi disease, of sheep, vunis of, 603 
necatnx, Etmerta, 438 
necrobacillosis, 306 
necrophorus, Actinomyces, 306, 588 
Necrosis bacillus, 306 
Necrotic enteritis, of swine, 185 
Negri bodies, of rabies, 339 
nephittidis eqttt, Batillus, 193 
Newcastle disease, of fowls, virus of, 630 
mgricans, Rhizopus, 366 
nina-hphl-yahimovi, Etmerta, 454 
nocens, Etmerta, 444 
nodosus, Actinomyces, 312 
novyt, Clostridium, 295 
Nutrition, effect on immunity, 27 
Nutlalia equt, 472 

O-antigens, 51 
Oidiomycosis, 378 
Otdtum lactis, 378 

Ophthalmia, periodic, of horses, virus of, 
57 ? 

Opsonic index, 57 
Opsonins, 37 
Oroya fever, 202 
Over-eating, in sheep, 299 
ovis, Babesta, 471 

, Corynebactenum, 109 

, Hemophilus, 200 

ovttoxteus. Bacillus, 297, 299 

pallida, Etmerta, 452 
paludis. Bacillus, 297, 299 
PanIcucOpenia, feline, virus of, 583 
Papillomas, of animals, virus of, 641 
Papillomatosis, bovine, virus of, 642, ca- 
nine, virus of, 644, rabbit, virus of, 646 
papulosa, Heterakfs, role in blackhead, 420 
parabotulinum, Clostndtum, 281 
Paralysis, guinea pig, virus of, 574 
'paratuberculosts, Mycobactenum , 258 
Paravaccinia, 529 

Parenteral defenses, against infection, ig 
Parrot fever, virus of, 615 
parva, Etmerta, 452 

, Thetlena, 474 

parvula, Etmerta, 444 
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Patchen bodies, in smallpox, 500 
Passive unmunity, 23 
Pasteur vaccine, for rabies, 341 
Pasteurella group, 157 
Pastdtrella hemolyttca, 162 

multoada, 158 

pcsiu, 164 

pseudotubemdosts, 168 

tularense, 166 

Pasteurelloses, 157, immunizing agents for, 
163 

Pathogenicity, evolution of, to 
Paul's test, for vaccinia virus, 528 
peaortha, Spiroeheu, 312 
perforoHS, ttmena, 434 
perjnngetu, Clostridium, 297 
Periodic ophthalmia, of horses, virus of, 
573 

Pentoncum, clearance of bacteria from, 23 

perminuta, Eimeria, 456 

peruviana, Verruga, 202 

Pest, fowl, virus of, 628 

peslis-eaviae, Bactenum, 179 

pestu, Pasteurella, 164 

Pestis equonim, 598 

Pfeiffer bacillus, 196 

Pfeiffer phenomenon, 4a 

Phagocytosis, 21, 56, 37 

Phenol-treated vaccines, for rabies, 344 

Phthioic aad, 228 

Phycomycetes, 353 

Pigeon pox, virus of, 326 

Pink eye, of horses, virus of, 609 

Piroplasmata, 463 

Piroplasmosis, of cattle, 463; of dogs, 472; 

of horses, 471; of sheep and goats, 471 
Placental transmission, of antibodies, 26 
Plague, bubonic, 164 

, cattle, virus of, 394 

, fowl, virus of, 628 

, pseudo, of fowls, virus of, 630 

, sylvatic, 165 

Plasmrxlia, 463 

Plsumodtum galbnaceum, 464 
Pleuropneumonia, equine, contagious, 
virus of, 613 

— — , bovine, infectious, 346, organisms, 
345 

pteuropneumomae, Bovimycet, 346 
Pneumoma, contagious, of calves, virus of, 
611 

Pox, cow, virus of, 526; fowl, virus of, 321; 


horse, virus of, 330; pigeon, virus of, 326; 
sheep, virus of, 332; swine, virus of, 331 
Poxes, animal, 321 
praecox, Eimena, 440 
Prausnitz-Kustcr phenomenon, 66 
Precipiiation tests, pracUcal use of, 34 
Precipiunogen, 33 
Precipitins, $3 
Preisz-Nocard bacillus, tog 
Premunition, 250 

Primary defenses, against infection, iS 
Prontosil, 95 

Properties of pathogenic organbms, 7 
Protective mechanisms of the body, 18 
Protozoa, cultivation of, 386, cysts of, 384, 
locomotion, 383, multiplication of, 384; 
structure of, 383 

Protozoan diseases, immunity in, 383 
Pseudomonas aeruginosa, 114 

pyocyaiieus, 114 

pseudo-pyogenes, Corynebactenum, 105, 
106 

Pseudo-rabies, virus of, $47 
pseudolubereulosis, Coryncbactermm, 109 

, Pasteurella, 168 

Pseudolubereulosis, rodent, 168 
psittacosis. Bacterium, 179 
Psittacosis, virus of, 613 
Pullet disease, virus of, 636 
pullornm. Bacterium, 187 
Pullorum disease, 187 
punfaciens. Bacterium, 106 
Pus cell, 36 

pyelonephritidit bovit, Baallus, toy 
pyocyanase, 113 
pyocyaneus. Pseudomonas, 114 
pyocyanin, 113 

pyogenes, Coiynebacterium, 103 
, Streptococcus, 83 

quinc^eanum, Achonon, 363 

Rabies, virus of, 334 

Rabbit septicemia, 160, 161 

Ramon flocculation test, 39 

ramosa, Absidia, 367 

Rat viruses, bacterial, 180 

Red water disease, of cattle, 300 

Relapsing fever, of man, 334 

renale, Corynebactenum, 107 

renahs boms. Bacillus, 107 

Resistance, mfluence of inheritance, 180 



Reuculo-cndothelial system, 21 
Rhinospondut, 493 
Rhizopoda, 386 
Rhtzopus equtnus, 366 

nigncans, 366 

sutntu, 367 

rhodestente. Trypanosoma, 395 
rhusmpathue, Erysipclothnx, aio 
Rickettsia, 342 

Rtclfetlsta rununanttum, 343 
Rift Valley fever, virus of, 600 
Rinderpest, virus of, 594 
Ringworm, of animals, 357; diagnosis of, 
359 

nvolta, Isospora, 430 
rummantium, RicHettsta, 343 


saliearius, Streptococcus, 93 
Salmonella (see Baetenum) 

San Joaquin Valley disease, 371 * 

Saprospira, 334 

Sarcocystin, 492 

Sarcocystts mteschenana, 489 

Sarcoma, Rous, 641 

Sarcomata, infectious, of chickens, 641 

Sarcospondia, 489 

scabra, Etmeria, 456 

tchenckf, Sporotrtchum, 379 

Scrofula, 245 

Semple vaccine, for rabies, 543 
septicum, Clostridium. 291 
septique, Vtbrton, 291 
sergenti, Babesia, 471 
Serum sickness, 63 
Sheep pox, 532 
Shigella (see Baetenum) 

Shipping fever, of horses, 609 
Shope, papilloma, of rabbits, virus of, 646 
Shwartzman phenomenon, 17 
stmondi, Leucocytozoon, 461 
Simultaneous treatment, for hog cholera, 
592 

Sleeping sickness, equine, 553 
tmithi, Eimeria, 447 

, Leucocytozoon, 459 

Sore mouth, of sheep, virus of, 519 
Sore mouth at swine, 310 
Sources of infecuon, S 
tptnosa, Eimena, s/yj 
Spirillosis, of fowls, 335 
Spirochetes, 333 


Spmeheta penortha, 31a 
Spirochetosis, of fowls, 335 
Sporotrichosis, 378 
Sporotnehum schencki, 379 
Sporozoa, 386; life cycles of, 424 
Staphylococci, 97 
Staphylococcus albus, 97 

aureus, qfj 

Staphylococcus toxins, 98 
stiedae, Eimena, 432 
Stomatitis, vesicular, virus o^ 514 
Strangles, m horses, 90 
Strauss reaction, for glanders, 224 
Street virus, of rabies, $41 
Streptobaallus momliformis, 345 
Streptococci, alpha type, 79, anhemolyttc 
type, 79; beta type, 79; differentiation of, 
78; hemolytic, 79, 83; non-hemolytic 
type, 92, vindans type, 79 
Streptococcus agalactiae, 85 

boots, 93 

cremons, 94 

dysgalactiae, 87, 89 

equt, 90, 613, 614 

equinus, 93 

fecalts, 94 

gallinarum, 92 

gemtalium, 92 

lactis, 93 

liquefaaens, 94 

pyogenes, 83 

salioanus, 93 

ubens, 87, 90 

zymogenes, 94 

Streptococcus antitoxin, 95 
Streptococcus infections, chemotherapy of, 
95, immunity to, 94 
Struck, in sheep, 299 
Stut^rt disease, of dogs, 341 
srnnus, Rhtzopus, 367 
sutpestifer, Baetenum, 184 
tuts. Hemophilus, 197 

, Isospora, 457 

Sulfanilamide, 95 
§urra, 397 

Swamp fever, of horses, virus of, 619 
Swine erysipelas, 210 

fever, 586 

influenza, 197, 603 

plague, 160, 161 

— pox, virus of, 531 
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tendla, Eimerta, 437 
Teschen disease, $64 
tetani, Clostridium, 275 
Tetanus, in animals, 277, anatoxin, 280, 
antitoxin, 279, toxoid, 280 
Texas fever, of cattle, 467 
Thetlena parva, 474 
Theileriidae, 474 
thetlen, Borreha, 335 

, Trypanosoma, 39a 

Theobald Smith phenomenon, 60 
Toxins (exotoxins), 13, chemical properties 
of, 15, hemolytic, 13, neuro-, 13, physical 
properties of, 14, tetanus, “official test 
dose,” 36, units, 33 

Toxoid, staphylococcus, 102, tetanus, 280 
Toxoids, 15, use, in immunization, 40 
Toxoplasma gondu, 485 
Toxoplasmata, 484 
Toxoplasmosis, 486 

Tremor, epidemic, of chicks, virus of, 566 
Treponema, 334 
Trichomonads, 405 
Tnchomonas calumhae, 409 

\etus, 405 

galhnae, 409 

gallinarum, 412 

homtau, 405 

vagmatu, 405 

Trichomoniasis, of pigeons, 410, of turkeys, 
410 

Trichophyton, 358 
Trichophyton granulosum, 362 

mentagrophytes, 361 

tropica, Leishmama, 389 
truncata, Eimcna, 444 
Trypanosoma, Genus, 387 
Trypanosoma amcricanum, 392 

bmea, 394 

congolcnse, 396 

— ec/umum, 398 

equiperdum, 399 

evanst, 397 

fran\ii, 392 

gambiense, 395 

hippicum, 398 

Uuasi, 391 

melophagtum, 392 

rhodcstensc, 395 

thnlen, 392 

venezuelenst, 399 

— — vivax, 396 


Trypanosomes, avian, 393 
Trypanosomiasis, complement-fixation test 
for, 401; treatment of, 402 
Tryparsamide, 403 
Tse-tsc fly, 394 

Tubercle bacilli, avian type, 239; bovine 
type, 242, of cold-blooded animals, 271; 
differentiation of types, 232, human type, 

237 

Tubercles, 228, 230 

Tuberculin, 249, 251, Old (OT ), 252, re- 
action, mechanism of, 255, tests in cattle, 
i53 

tuberculosis, Mycobacterium, 229 
Tuberculosis, chemotherapy for, 251, erad- 
ication (bovine) m the United Stales, 
256, human, 245, immunity in, 248, 
routes of infection, 246, skin lesions, 
bovine, 270, vole vaccine for, 251, in wild 
animals, 244 
Tularemia, 166 
tularenie, Pastettrella, 166 
Tumors, iransmissible, chicken, viruses of, 
638 

typhimurium. Bacterium, 179 
typhtsms. Bacterium, 186 
Tyrocidin, 89 
Tyrothricin, 89 

ubens. Streptococcus, 87, 90 
Undulant fever, human, 146, 149 

Vaccinia, 526 

pagmahs, Tnchomonas, 40; 

Valley fever, of man, 371 
Vampire bat, as transmitter of murnna, 
399, as transmitter of rabies, 536 
Vectors, biological, 7, mechamcal, 7 
penezuelense. Trypanosoma. 399 
Verruca pulgaris, 641 
Verruga Peruviana, 202 
Vesicular exanthema, virus of, $16 
Vesicular stomatitis, virus of, 514 
Vibno fetus, 153 
Vibnon septique, 291 

Virulence, 7, alteration of, 8, attenuation 
of, 8 

Virus diseases, classification of, 504, im- 
munity m, 502; of nervous system of ex- 
perimental animals, 574 
Viruses, biological nature, 498, compara- 
tive size, 499; culuvatton of, 501; inacti- 



INDEX 


665 


vated for immunization, 504; pantropic, 
502; properties of, 499; resistance of, 504; 
specificity of, ;oi 

Vitamin A, and disease resistance, ay 
vivax. Trypanosoma, 396 
Vole vaccme, for tuberculosis, 351 
vttlgans. Verruca, 641 

Warts, of cattle, virus of, £42, of dogs, virus 
of, 644, of rabbits, virus of, 646, nature 
of, 641 


Wassermann reaction, 47 , 

Wed’s disease, of dogs, 337 
wdchtt, Clostridium, 397 
Wooden tongue, of catde, 317 
Wool-sorters disease, of man, lai 

X-disease, of chickens, 636, of horses, 561 

turnabadensts, Emena, 449 
zurtiu, Etmeria, 446 
zymogenes, itreptoioccus, 94 




